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Agile, high-speed performance providing realistic targets for the Armed Forces’ 
ground-to-air and air-to-air weapons has been designed into this new plastic 
target drone developed by the Radioplane Company of Van Nuys, Calif., a 
subsidiary of Northrop Aircraft, Inc. 
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your manufacturing operations 


include potting, sealing, impregnating, 
laminating, bonding or tooling 


Easy to use 


R) 
Miniature electronic components pot- 


can give improved mechanical 
and electrical properties . . . 
plus faster processing | 


Because of their excellent mechanical and dielectric properties, 
Epon resins are important materials in electrical and electronic 
manufacture. Epon resins combine high strength with low 
shrinkage on curing and extreme dimensional stability. 


For potting, sealing and impregnating, Epon resins permit safe 
enclosure of delicate components, maintain high insulation ow 

‘ 3° Section of magnetic amplifier coils em- 
resistance under extremes of temperature and humidity, bedded in Epon resin by Westing- 


and are resistant to chemicals. house Electric Corporation, Pittsburgh, 
Pennsylvania. 


Epon resins laid up with inert fibrous fillers produce 
laminates that have excellent dielectric properties and can be 
sheared, punched, drilled and bath soldered. 

Solvent-free Epon resin adhesives, curing with contact pressure 
alone at room temperature, form powerful bonds between glass, 
metal, wood or plastic. 

Because of dimensional stability and impact resistance, Epon 
resins play the key part in making plastic tools such as forming 
dies, jigs, patterns, templates and fixtures. 


Write for ““Epon Resins For Structural Uses.’’ Your letterhead Potting transformer with Epon resin at 
; ; PCA Electronics, Inc., Santa Monic: 
request will bring you a sample for evaluation. oa a 


Epon resins are the epoxy polymers manufactured exclusively by Shell Chemical Corporation.) 
Pox) y ) 


SHELL CHEMICAL CORPORATION 


CHEMICAL SALES DIVISION, 380 Madison Avenue, New York 17, New York 


Atlanta - Boston + Chicago + Cleveland + Detroit - Houston - Los Angeles - Newark - New York + San Francisco ~- St. Louis 
IN CANADA: Chemicel Division, Shell Oil Company of Canada, Limited + Montreol « Toronto + Vancouver 
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Du Pont 


Pigments 
for Plastics 


offer compounders excellent heat stability and resistance to 
crocking and migration. These Du Pont pigments possess 
good dispersibility and lightfastness. “Watchung” Reds are 
available in a wide shade range, and rigid quality control 
during manufacture is assured by thorough testing. 

If you're making or compounding plastics, these Du Pont 
pigments may help you produce new and improved products. 
For technical help with any plastics pigmenting problem, 
consult Du Pont. Technical experts will gladly work with 
you in finding a solution. For full information about Du Pont 
pigments and technical service, call your Du Pont represen- 
tative, or write: E. 1. du Pont de Nemours & Co. (Inc.), 
Pigments Department, Wilmington 98, Delaware. In Can- 
ada—Du Pont Company of Canada Limited, P. O. Box 660, 


Montreal, Canada. 
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Better Things for Better Living...through Chemistry 


QUALITY PIGMENTS FOR PLASTICS 
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Tailormade resins, 
a trend for the future 


The nation’s leading industrial forecasters pre- 
dict a polyethylene consumption of 850 million 
pounds for 1960 with the pillion-plus poun 
per year goal only a few years away: Although 
much of this increased production will be con- 
e market, 
new developments 


to arise with the increased avail- 
f polyethylene resin. 
Polyethylene molders and extruders, long ac- 


ing with a limited number © 


many ne 


new products, to supply 

the best possible properties for each new appli- 

cation. This is 4 trend already We established 
here are @ few of th 25-35 


For example, 
pETROTHENE 
have already been tailo 
situations and new 


1. INJECTION MOLDING: Molders wa" 
m roduction, high gloss for appeat- 


a 
® resins and 


for maximu 


es for transparency: 


hand and high production rates. 


3. PAPER COATING: Convertets want & 
uction rates, i 
E 


material 
vital and expanding ap 
wire 


turet requires polye 

crack resistance, ‘on under load, 

and good all arounc 
pETROTHENE 300 series has b 

to these end-use requirements. Type 

titv of antioxidant and color are $ 

the electrical 


racteristics- 
een tailored 


customer or by 


5. BLO MOLDING: Cube-to-cU uniformity, 
hot-melt elasticity; clarity il essential propet- 
ties for this critical application ~ hav n built 

Othe ETRO- 


s have been U 
because of cus 


6. EXTRUSION: PET ROTHENE 
was designed to give good burst 
gloss and high extrusion rate for pipe 


turers. 


7. SPECIALTY APPLICATIONS: Requests come in 
i i U.S.1. has 


the converter can obtain 
forecasted billion pound market 


from this 
SUGGESTED 
pETROTHENE™ RESINS 

Application PETROTHENE No. 
Blow Molding 201 
Electrical 300 Series 
Film 110, 210, 213 
Injection Molding 

Large Shot 202, 203 

Small Shot 200, 201 
Poper Coating 203 

extrusion and misc. 560 (Black) 


Do you need a special resin? 


product requires special 
d part or during 


work with you on eve phase of your pro em 
AUS OTHENE resin, already devel- 
i might be just 


what you need. If not, depending upon the quan- 
i cial resin, i 


might provide the answet- 


Tomorrow's prices will encourage new uses 
Today's costs of producing quality polyethylene 
resins are relatively hi 
feel that 45 producers i 
juction, 


needs by VU. 


perts 
and increase 
will follow. New products, 


be developed within th 


will 
available volume of this ver- 


utilize the laree 
satile plastic. 


DUSTRIAL CHEMICALS co. 


Division of National Distillers 


Products Corporation 


99 Park Avenue, New York 16, N.Y- 
Branches in principal cities 
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fluence over the properties of the basic resin. 
suppliers will work more and more closely 
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ed to specific process! 
te 
PETROTHENE 202 and 203 have * 
lored for large shot moldings; 200 and 201 for . Lie 
smaller shots and multiple cavity dies. 
2. FILM: pETROTHENE 110 and 210 are 
tailormade for blown and flat-film extrusions. If your olyethylene Re 
Degree of slip can be controlled to meet cus- 
omer requirements. pETR 213 has call 02 SI. for as 
be ene ific < \\ = 
wersonnel will was 
- 
sion, e to hot- 
has been tailormade to fit these spec! ications. It ¢ 
has been accepted bY the pulp and paper jndus- 
y as an improvement in paper-coating raw 
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This 500-pound sheet of 
rigid polyvinyl chloride, 
claimed to be the largest 
ever made, has been pro- 
duced by Seiberling Rub 
ber Co. plastics division at 
Newcomerstown, Ohio. A 
two-inch gauge sheet, it 
measures 48” by 96”. The 
company also produces 1- 
and 1-34" 
gauge sheets. 
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PLASKON’* Urea... 
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STRENGTH 
AND SURFACE 
HARONESS 


DURABILITY 


TRANSLUCENCY 


To give their “Old Spice” toiletries an extra 
sales lift, Shulton, Inc., decided to revamp its 
packages. The new design called for thermo- 
setting “reverse taper” bottle closures—a tough 
molding job at best. 

The molder selected PLASKON Urea Mold- 
ing Compound for the job. Why PLASKON 
Urea? Because this versatile material molded 
well in the varying cross sections and contours 
of the Old Spice closure, and its rapid rate of 
cure permitted higher-volume, lower-cost, top 
quality production. 

This is another instance where PLASKON 
Urea has simplified a molding job. Why not 
find out if it can do the same for you? Your 
Plaskon man stands ready to furnish you with 
complete data and technical assistance on all 


your molding problems. 


leader in the field 


BEAUTY 


Glowing surface beauty and a range of over 
13,000 molded-in colors make PLASKON 
Urea highly suitable for closures, radio and 
TV cabinets and hundreds of other products. 

PLASKON Urea has high dielectric strength 
and are resistance. That's why it’s ideal for use 
in wall plates, sockets and electrical appliances 
such as shavers, clocks and lamps. The surface 


is very hard, scratch-resistant and easy to clean. 


If you'd like more information on PLASKON Plastics and Resins, write 


ca Barrett Division. Allied Che 3! & Dye Corporation, 40 Rector 
St., New York 6, N. ¥ —HAnover 2-/300 
i= 
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ARE YOU 


MOLDING 
NYLON? 


IMPCO VA4-175-19 — 4-6 OUNCES 


SPECIFICATIONS 
Injection Capacity ................... 4-6 oz. 
Injection Pressure (Plunger) ....21,750 pas.i. 
Plasticizing Capacity (Polystyrene)... ... 75 \|bs. hr. 
Clamp Pressure (Toggle) 
Clamp Stroke 8” 
Die Thickness Max-14”...... Min-8” 
Machine Cycle (Dry Run) 7 Min. 
Auxiliary Bottom Ram 19 Tons 


Dimensions Length-102", Height-112”, Width-60” 
Weight Approx.-9000 Lbs. 


**No drool problem with this easily controlled 


check valve type nozzle. 
*Vertical type press-ideal for insert molding. 


If you are a nylon molder, you must investi- 
gate this Impco machine! 


IMPROVED MACHINERY INC. 
NASHUA, NEW HAMPSHIRE 
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Phenolic molded device makes flashlight 


explosive atmospheres 


Safety is achieved by use of a spring-loaded 


contact within the reflector assembly so de- 
signed that if the bulb of the lamp is broken, 
the electrical circuit will be instantly opened 
before the filament can ignite inflammable or 
explosive mixture of gas in the surrounding 
atmosphere. 

The intricate working parts of the reflector 
assembly are molded of Bakevrre Brand 
Phenolic Plastic B\IG 5000 Black. Their pos- 
itive, unhampered action demonstrates the 
dimensional stability and strength of this 
material. In production, the reflector unit 
with its mounts and guides, exterior threads, 
and slots for the wire guard are formed in 
one operation with a 9-cavitv compression 
mold. The retainer ring that holds the wire 
guard is produced in a 12-cavitv high-speed 
plunger mold. 

For further information on a wide range of 
phenolic plastics, write Dept. OP-171 


Reflector assembly parts made of 
BAKELITE Phenolic Plastic by Auburn 
Button Works, Inc., Auburn, N.Y, 
for “Eveready” Safety Type Flash- 


light, produced by National Carbon 
Co., A Division of Union Carbide and 
Carbon Corporation, N. Y. 17, N.Y. 


BAKELITE 


PHENOLIC PLASTICS 


BAKELITE COMPANY 
A Division of Union Carbide and Carbon Corporation Ug 30 E. 42nd St., N.Y. 17, N.Y 


In Canada : Bakelite Company, Division of Union Carbide Canada, Limited, Belleville, Ontario 


The terms Bakevite, Evereapy and the Trefoil Symbol are registered trade-marks of UCC 
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FASTER DELIVERIES 
D-M-E STANDARD MOLD BASES! 


EXPANDED FACILITIES 
SAVE YOU TIME. .! 


Now ... you can get FASTER DELIVERIES 
on the highest quality Standard Mold Bases even 
though the demand has reached an all time high! 


This availability has been made possible by the 
recent expansion in D-M-E’s manufacturing facili- 
ties. With D-M-E’s Hillside, New Jersey plant 
doubled and additions at the Detroit, Michigan 
plant completed, production of Standard Mold 
Bases is now geared to meet the ever-increasing 
demands of the Industry. 


This increased production has enabled D-M-EF’s 
FIVE BRANCH WAREHOUSES replenish 
their stocks and provide IMMEDIATE DELIV- 
ERIES on a wide range of standard sizes . . . This 
means ADDED SAVINGS in mold construction 
time as well as ECONOMY in mold costs for you! 


4,400 COMBINATIONS 
SAVE YOU MONEY..! 


22 Standard Width and Length combinations... 
From 9° x 8" to 177%" x 351/,” 


100 Cavity Plate Combinations ... 
From 7%" thick to 57” thick 


2 Special Types of Steel... 
DME No. 1 Steel 
Medium Carbon, silicon killed 


DME No. 2 Steel 
SAE 6145, electric furnace grade, pre- 
heat treated to 225 Brinell. 


For complete data and prices .. . 
CONSULT YOUR NEW D-M-E CATALOG! 


D-M-E MASTER LAYOUTS are i 
available for each of the 22 Oe, 
different Standard Mold Bases 


sizes! See Page 164 of your 


D-M-E Catalog for complete 


ordering intormation. 


(9" wide series available with 
clamping ledges and solid dowels.) 


YOU GET TOP QUALITY 
PLUS THESE ADDED FEATURES! 


1. CLAMP SLOTS to Save Platen Space 


Eliminates space-wasting “clamping ledges” 


2. MORE ROOM for Waterlines 


Tubular Dowels climinate obstruction 


3. STOP PINS WELDED to Ejector Bar 


Prevents loosening and ejection interference 


4. RIGID CONSTRUCTION with Less Parts 


One piece Ejector Housing gives added strength 


5. NEW WIDTHS Fit More Molding Machines 


Allows more cavities to existing platen area 


CONTACT YOUR NEAREST D-M-E BRANCH . . . TODAY! 


DET 


ROIT MOLD ENGINEERING CO. 


McNICHOLS ROAD — DETROIT 12, MICHIGAN — TWinbrook 1-1300 


Contact Your Nearest Branch FOR FASTER DELIVERIES! 


[a 


HILLSIDE, W. J. (wear NEWARK) 1217 CENTRAL AVE., ELIZABETH 3-5840 
CHICAGO 51, ILLINDIS sso: w. oivision street, cowumBus 1.7855 
CLEVELAND 9, 0.-D-M-E CORP. soz srooxpanx ro. suaoysine 1-9202 
LOS ANGELES 7, CAL. 3700 sourm main street, ADAMS 3.8214 
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PRECISION CONNECTORS with KEL-F plastic parts handling without chipping, cracking, or deforming. Zero 


have high RF insulation and dimensional stability. Plas- moisture absorption and anti-adhesive surface prevent 


tic’s high impact and compressive strength permit rough formation of conductive residue. 


riuorocarson PLASTIC 


permits components to operate over a wider temperature 
range ...under highly humid and corrosive atmospheres 


KEL-F plastic’s unique combination of properties can 
help your product meet more rigid performance spec- 
ifications. Because of the extreme stability of the 
fluorocarbon plastic molecule, this dense, tough ther- 
moplastic has superior dielectric properties, excellent 
resistance to corrosive chemicals, outstanding ther- 
mal and dimensional stability, and zero moisture 
absorption, 

Molded and extruded parts operate over an ex- 
tremely wide range of temperatures (—820° F. to 
390 F.)... are unaffected by humidity or operational 
vibration, Metal inserts, lugs and contacts are held 


firmly, forming a hermetic seal. 

KEL-F plastic is available from Kellogg as a mold- 
ing material, or in sheets, rods, strips, tubing, film 
and “spaghetti” from qualified fabricators and mold- 
ers throughout the country. For further information, 
write: The M. W. Kellogg Company, Chemical Manu- 
facturing Division, P.O. Box 469, Jersey City 3, N.J. 


Subsidiary of Pullman Incorporated 


Kk Rewistered trademark of 


The M. W. Kellogg Company for its fluorocarbon products. 


HERMETICALLY-SEALED TERMINALS with 
KEL-F plastic insulation handle high voltage without 
flash-over or tracking. Won't shrink, swell, age or lose 
hermetic seal at high and low operating temperatures. 
Cuan be used in contact with highly corrosive chemicals. 


TUBE SOCKETS of tough KEL-F plastic. Hermetic 
seal defies thermal cycling, aging and humidity. With 
stands high shock loads without chipping or cracking 
insulation. Plastic’s high dielectric strength prevents 
shorting or arc-over at high altitudes. 
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Chemical progress is autoclaves, test 
tubes, distillation towers hydro 
carbons, heterocyclic compounds . . 
processes, polymerizations, products 
But mostly, chemical progress is 
thinking men thinking. Little 
men, big men, medium size men 
in lab coats, business suits, overalls 
_ all of them, always, thinking. 


Thinking up new products . . . new 
ways to make chemicals and new 
ways to use them. Thinking up more 
comfort, more convenience, better 
health, for everyone. 

Always, the old things have to be 
improved, and the new things have 
to be proved. It takes more thinking. 
The thinking never stops. And so 


chemical progress never stops. 
It’s that way at Koppers. 
Koppers Company, Ine., Chemical Di 
vision, Pittshurgh 19, Pa 
stvrene, Dyler 
Ices, dbpe 


produc ers o] 
stvrene butadiene lat 
antioxidant, resorcinol, po 
fassium cyanide solution, phthalic an 
hydride, and many other chemicals 
Koppers Trademark 


Chemical Progress Week, April 23-28 


KOPPERS 


KOPPERS 
CHEMICALS 
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it’s D RITE for the new Pyrene—C-O-Two fire guard 


This remarkable fire protection device, approved by customers when parts are molded with GP-102. 


Underwriters’ Laboratories, Inc. utilizes radio-active ma- Whether the parts you mold are large or small, intricate 


or simple . . . you'll find that Durite GP-102 can make 
them /ester. Why not prove this to yourself with a trial 


terial to sense the combustion gases and smoke which 
precede the outbreak of flame. The compact C-O-Two 
Pre-Detector Heads are fastened to the ceiling in strategic 
bt run at your own plant? Contact The Borden Company, 
ocations throughout 4a Dullding and must De trouble tree . 
: : 7 Chemical Division, Durite Products Dept. PW-46, 5000 


over a long service life. Since accurate assembly ts vital to : 
Summerdale Ave., Philadelphia 24, Pa, 
perfect operation, key molded parts must have and retain 
a high degree of dimensional stability. 

gh des » Co 
To assure this lasting dimensional stability . . . the engi- } | ’ 
neers of both the Pyrene—C-O-Two C orporation and F ; 
their molder, Shaw Insulator Company, chose Durite 


GP-102 general purpose phenolic molding compound. Ore. 
A combination of many useful properties has made Durite THE YY) COMPANY 
GP-102 an industry leader among general purpose com- 


pounds. Because it assures ease in molding, rapid cure, CHEMICAL DIVISION 
batch-to-batch uniformity, and lustrous appearance . . . 
you can be sure of consistently high output and satisfied ra 


Phenolic Molding Compounds - Abrasive and Frictional Bonding Resins » Molding and Specialty Resins - Lamp Basing Cements 


This advertisement appears in 


PLASTICS WORLD— March, 1956, and MODERN PLASTICS, and SPE JOURNAL— April, 1956 


4.73% 
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afismen of the 20 Century 
No. 13 of a series to introduce you to some of industry's outstanding plastics craftsmen 


Artisans used to work with gold and silver, steel and glass and stone. 


Their achievements were always inspired by a determination to master a 


material. The same driving urge dominates the men of our time who have 
elected to work with the newest materials of all—the fabulous family of 
plastics. Their skills and ingenuity are every day producing millions of 
low-cost articles that are serving homes and industries the country over. 


Two of these 20th Century craftsmen are pictured on this page. 
Monsanto, a major supplier of high-quality plastic materials, salutes 


these men who are helping mold America’s tomorrow. 


Louis E. LaCastro, Buffalo Molded Plastics, Inc., Buffalo, New 
York. With a record of 14 vears’ experience in injection 
molding behind him, Mr. LaCastro joined Buffalo Molded 
Plastics in 1953 as Superintendent of the Buffalo plant. 
“The latest information about our craft is not taught in 
enyineering schools,” Mr. LaCastro admits. “What we are 
doing today will be written into the textbooks of th: fu- 
ture.” His company specializes in molding large plastic 
components for vefrigerators, radios, television sets, air 
conditioners and decorative parts for automobiles. 


MONSANTO CHEMICAL COMPANY, 
PLASTICS DIVISION, SPRINGFIELD 2, MASS. 


Stanley W. Leonowich, Thermoplastic Division of The General 
Industries Company, Marysville, Ohio. A chemistry set in high 
school fired Mr. Leonowich’'s early interest in plastics and 
he joined G.L. after working in several metal and die shops. 
Today, as Plant Manager, he supervises the production of 
approximately 600,000 molded parts a week. Mr. Leono- 
wich specializes in the injection molding field where dies 
range from several hundred pounds to three or four tons. 
Custom components he has engineered include refrigerator 
parts, radio cabinets, light louvres and battery cases. 
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ies When your plans call for plastic parts or products, consult an expert custom molder 


“We've been a solid Reed-Prentice shop 
since 1938,” Mr. Casalino says, “and I 
think the 300TA design they just brought 
out is one of their finest injection ma- 
chines yet. On my new model, I’ve been 
able to cut cycle time in half with the 
same dies. This 300TA is tops for econ- 
omy and efficiency, and I’ve already or- 
dered another one equipped for fully 
automatic operation.” 


REED-PRENTICE 


BRANCH OFFICES NEW YORK CLEVELAND DETROIT+ CHICAGO + BUFFALO KANSAS CITY+LOS ANGELES 


You can take it from one of the leading 
custom molders: the new 300TA-12 16 
oz. “REED” gives you more for your 
money. Its six big, new design features 
mean low-cost, efficient operation, rugged 
construction and easier maintenance. 


Call your nearest Reed-Prentice Sales 
Engineer today. He'll be glad to give you 
complete information at no obligation. 


PACKAGE 


MACHINERY COMPANY 
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REPRESENTATIVES: HOUSTON—STEEL & MACHINE TOOL SALES CO. + MINNEAPOLIS CHAS W STONE CO 
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extruders by Egan 


From 2'' Thru 8'' with screw lengths of 16 or 20 Diameters. ¢ Hard corrosion 
resistant liners. © Heavy duty thrust and radial bearings with 
force feed lubrication. « Completely prewired temperature control cabinet. 
e Screw speed tachometer. © Precision ground screws. 
¢ Large feed hopper with sight glass and cut-off slide. 
Complete installations for film, sheet, pipe, shapes. 


A COMPLETE INSTALLATION FOR FLAT, UNSUPPORTED PE FILM 
With 412" Extruder * Improved “T" Type 
Die and New Heavy Duty Take-up Unit. 


\ 
Delivery From 3 Weeks 


Our new plant in Somerville, N. J. 
with increased facilities enables us to 
offer prompt delivery on most 

sizes of extruders. 


Write or Phone Today For Complete Information—No Obligation. 
FRANK W. EGAN & COMPANY, Somerville, New Jersey 
Designers and Builders of Machinery for the Paper Converting and Plastics Industries 
Cable Address: “EGANCO"— Somerville, Nier. 


Representative 
MEXICO, D. F. — M. H. Gottfried, Avenida 16 De Septiembre, No. 10. 


— i] Licensees: GREAT BRITAIN — Bone Bros. Ltd., Wembley, Middlesex. FRANCE — Achard- 
™ Picard, Remy & Cie, 36 Rue d’Enghien Xe, Paris. ITALY— Emanuel & Ing. Leo Campagnano, 
Vio Borromei 1 8/7, Milano. GERMANY— ER-WE- PA, Erkroth, bei Dusseldorf. 
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Calculation of Roll Separating Forces in 
the Calendering and 


A method is described for computing the force 
tending to separate calender and mill rolls during 
the processing of plastic materials. The method 
makes use of an equation derived by Ardichvili and 
an apparent viscosity value appropriate to the par- 
ticular plastic and rolling conditions. This viscosity 


value is obtained from extrusion plastometer meas- 
urements. It is shown that computed separating 
forces agree with measured values in the rolling 
of polyethylene and plasticized vinyl materials. 


I THE CALENDERING and milling of plastie ma- 

terials, where the material is formed into thin 
sheets by being pressed between two rolls, the forces tend- 
ing to separate the rolls n ay be very large. It is desirable 
to be able to predict these forces for two primary reasons. 
First, the bearings and shafts must be able to withstand 
them without the risk of fatigue failure, and second, 
some compensation must be made for the bending of the 
rolls in order to produce flat sheets. In the design of 
calenders the practice has been to estimate the forees 


from experience with similar machines. Obviously it is 


desirable to be able to calculate the required values. 

Several solutions of the pressure distribution problem 
in calendering have been reported, each assuming New 
tonian flow behavior. Ardichvili (1) carried out the deriv 
ation based on simplifying assumptions similar to those 
used later by Eley (2), with essentially the same results. 
Both assumed that the pressure dropped to zero as the 
material passed through the nip. Gaskell (3) showed that 
the elevated pressure actually must extend past the nip 
even in the absence of elastic recove ry, because the aver- 
age velocity through the nip is greater than the velocity 
of the roll surfaces. This theoretical conclusion was con- 
firmed by the roll pressure measurements of Bergen and 
Scott(4), who employed a 
mounted at the surface of a roll. 

Gaskell extended his theory to apply it to Bingham 
body type non-Newtonian flow, unequal roll diameters, 
differential roll differential 
Other extensions of theory include treatment of the temp- 


pressure-sensitive element 


speeds and temperatures, 
erature rise from mechanical energy by Eley (5) and, in 
more involved form, by Finston (6). 

None of the papers cited attempt to compute absolute 
values of roll loads for highly non-Newtonian plastics of 
known flow behavior. Eley (2) reported the only com- 
parison of theory with experiment, meeting a moderate 
degree of success. It is the purpose of the present paper 
to report a method of expressing the apparent viscosity 
of viscoelastic materials based on simple extrusion plas- 
tometer experiments, and to show that the use of this 
viscosity in the roll load equations yields results which 
agree with load measurements. The calculation is based 
on the Ardichvili equation, avoiding the lengthy graphical 
integrations that would be required to use the more 
realistic Gaskell equation. 


Method of Calculation 


The following quantities are needed for computing 
the separating foree in calendering or milling of plastic 
materials: 

a. Radius of the rolls. 
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b. Rate of rotation of the rolls. 

ce. Distance of closest approach. 

d. Length of roll between guide plates. 

e. The mean material temperature. 

f. An apparent viscosity value appropriate to the 
rolling conditions. 

The thickness of the rolling bank. 

Ardichvili (1), 


The following equation, due to 
used: 

Vr Lith 1 H) (1) 
Where F is the total force tending to separate the rolls, n 
is the apparent viscosity of the material, L is the length 
of roll contacting the material, and the other symbols 
are as designated in Figure 5. For large bank sizes the 
second term in parentheses becomes very small and often 
can be neglected. The apparent viscosity values for sub- 
stitution into Equation (1) were based on capillary flow 


experiments as described in a later portion of this paper 
Using this method it is possible to greatly simplify the 
non-Newtonian flow problem by taking advantage of the 
fact that the velocity front in flow through cireular tubes 
is of the same form as that in unidirectional flow between 
parallel plane surfaces. The effect of shear rate and the 
effect of period of time that the material is subjected to 
shear are readily taken into account when this similarity 
exists. 


Experimental and Computed Results 
Roll separating forces computed by the method de 
scribed above have been compared with measured value 
The measurements were made by Rocky and Carey (7) 
on a two-roll mill equipped with a load measuring system 
consisting of strain gage bridges mounted on each of two 
take-up screws. This arrangement provides a 


precise 
measure and continuous record of separating force. Eight 
in. by 16 in. rolls, with a speed of 53.5 ft./min, and a 
standard roll separation of 0.015 in., were used. Under 
these conditions, Equation (1) may be reduced to 

8.27 x 104 (1A) 


where F is in Ibs. and n is in lb. see./in.2 Conversely, 
apparent viscosity may be computed from the observed 
F value using Equation (1A). 

Typical results comparing measured with computed 
listed in Table I. In the case of 


the vinyl compounds the results show the effeet of plas 


separating forces are 
ticizer content; this effect on viscosity is discussed later 
in this paper. The polyethylene sample was a commercial 
product designated Bakelite polyethylene resin DYNH, 
flow properties of which are described later in this paper. 
The phenolic resin was a noevolak (non-hardening) resin 


Seventeen 


| 
> 
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with nearly Newtonian flow behavior, the viscosity of 
which was measured by extrusion plastometry in the 
shear rate range of the roll-mill experiment and found 
to be 1.5 x 104 poises. Because of the high separating 
foree, the phenolic resin was rolled with a greater roll 
clearance than standard. 

In a separate experiment performed by Carey (8), the 
hearing load on an 18 in. x 48 in. calender was measured 
by a Similar resistance strain gage arrangement. The 
load during production of vinyl film was 60,000 Ibs., while 
the corresponding computed value is 55,000 Ib. 

The agreement between measured and computed sep- 
urating forees was sufficiently close in all of the experi- 
ments with thermoplastic materials to confirm the use- 
fulness of the method for engineering calculations. In the 
case of the phenolic resin, which had a high viscosity and 
high sensitivity of viscosity to temperature, there was 
greater deviation probably because of uncertainty in 
the temperature reading. 

Separating forces for several calendering machines 
under various operating conditions have been computed 
and are listed in Table IT. 

These results give an indication of the range of forces 
involved in calendering and how they can be expected to 
vary with material type, temperature, sheet thickness, 


and roll speed. 


Flow Properties 

To caleulate roll separating force by means of Equa- 
tion (1) a suitable viscosity value is required. In this 
section it will be described how capillary tube flow 
measurements may be used conveniently for this purpose. 
Flow property results obtained on plasticized vinyl com- 
pounds and polyethylene, measured with an extrusion 
plastometer, are presented. 

There are several test methods which can be used 
to evaluate flow of thermoplastic materials. In theory the 
results from all of these can be reduced to common para- 
meters which can be used in foree computation for pro- 
cessing operations. However, this is a very difficult task 
with non-Newtonian materials. It becomes a much simpler 
problem if the flow property measurement can be so 
chosen that the flow pattern is very similar to that in the 


process being considered. The conditions of shear in roll- 
ing and extrusion are very similar; in both cases there 
exist similar velocity fronts and a finite time under shear. 
Furthermore, in extrusion plastometer measurements a 
very wide range of shear rates can be covered. Extrusion 
plastometry, therefore, is a convenient means of evaluat- 
ing flow properties for the calculation of roll separating 
force. 

The extrusion test is essentially a capillary flow test 
in which an apparent viscosity may be determined on the 
basis of the Poiseuille equation. Separating the relation 
for viscosity into its two components, shear rate and 


stress, results in 


5 3 PR/2 L (2) 
and 
S 4Q7R (3) 
where 
T shear stress at the capillary wall 
S shear rate at the capillary wall 
P pressure difference across the length of the tube 
R radius of the tube 
L length of the tube 
Q volume average rate of flow 


In the case of non-Newtonian substances, where the 
velocity front is not a parabola but follows some power 
of the radius other than two, Equation (3) does not give 
the true shear rate. Because of this, and because the 
viscosity has a separate value at each shear rate value, 
the viscosity obtained by dividing (3) into (2) is called 
the apparent viscosity. Such a strictly empirical quantity 
is useful in all situations in which the velocity front is 
of the same general form as that found in cireular 
channels. 

In addition to the shear rate effect, the time de- 
pendent properties of flow must be considered. In ex- 
trusion, any element of material is sheared only while 
it is in the die, and thus for a finite period of time. On 
a volume average basis this time is the volume of the 
die divided by the volume rate of discharge. That is 

t(subs) tw L,/Q 
4 Q) (AL R) 
1S(4 LR) (4) 
Thus, the time under shear, t(subs), depends on the 


Table | 
Comparison of Experimental and Computed Bearing 
Loads on 8 in. x 16 in. Mill 


Material 
Bakelite vinyl resin VYNW + DOP (di- 
ethylhexyl] phthalate) 


Bakelite Polyethylene Resin DYNH 
Phenolic Novolak 


Per Cent Plasticizer Temp. Separating Force, Pounds 
(DOP) Deg. C. Measured Computed 

30 170 A250 5450 

32 170 4850 4850 

34 170 1450 4300 

36 170 4050 8800 

130 6120 5900 

125 11600 13900 


Table II 
Computed Separating Forces, F, for Several Calenders 


Roll Size, In. Material 
(Diameter and Speed, Thickness 

Length) ft. /min. (in.) 

36 x 92 120 004 

24x 66 120 004 

24x 66 80 020 

IS x 48 400 004 

Is x48 150 001 


Temp. 

Type deg. C. F, Ib. 
Vinyl + 32 per cent DOP 170 207,000 
Vinyl + 32 percent DOP 170 97 000 
Vinyl + 35 per cent DOP 165 44,000 
Vinyl + 32 per cent DOP ISO 75.000 
Polyethylene, DYNH 150 91,000 


Kighteen 
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shear rate and the ratio 4L. R. Therefore, adequate allow- 


ance for the shear time may be made by expressing the 
apparent viscosity as a function of shear rate and making 


an adjustment for the geometric factor 4L R. Shear-time 


adjustment factors for plasticized vinyl material and 


polyethylene have been determined and are reported here 


for use in roll load ealeulations. A dimensionless geometric 
factor for the rolling operation corresponding to that for 
the extrusion test is derived below. 

It should be mentioned that the end effect in an ex 
trusion test may be quite significant when short capil- 
laries are used. This correction comes in as part of the 
shear-time correction, and it is assumed here that the 
end effect in calendering is approximately of the same 
magnitude as that in capillary flow. 

Extrusion plastometer measurements have been made 
to define the flow properties of some typical thermoplastic 
materials. The apparatus was of the gas-driven type em 
ploying compressed nitrogen at a range of pressures to 
extrude material at various rates through circular dies. 
The plastometer was patterned after that used by Na- 
son (9). A considerable range of die sizes was available, 
lues of 4L/R. A sample of a 
commercial grade of polyethylene resin, designated Bake- 
lite polyethylene DYNH, was examined over the temp 
erature range from 130 to 190 deg. C., and a series of 


permitting a number of va 


plasticized compounds of vinyl chloride-acetate copolymer 
(Bakelite vinyl resin VYNW) were examined over the 
temperature range from 160 to 180 deg. C. 

Plots of viscosity versus shear rate are shown in 
Figure 1. The fact that these plots are straight lines oven 
the range covered is convenient but not necessary to the 
method of treatment. Apparent viscosity is read fron 
this plot at the shear rate applicable to the rolling pro 
cess. It then must be further corrected to the tempera- 
ture and shear time of the rolling process, and in the case 
of the vinyl materials, to the correct plasticizer content. 
All of these adjustments are made through the use of 
adjustment factors which, when multiplied by the uncor 
reeted viscosity, yield the required value, That is 


n n! f(subs) f(subt) f(sub p) (5) 
where 
n! is the uncorrected viscosity (Fig. 1) 

f(subs) is the shear-time adjustment factor 

f(subt) is the temperature adjustment factor 

f(sub p) is the plasticize: content adjustment factor 
When dealing with polyethylene f(sub p) is dropped from 
Equation (5). 

Figure 2 was constructed from data obtained with 
various capillaries, and is the same for both materials 
within reasonable limits. The reference value of 4L)R, 
the value for the plots in Figure 1, as 30. In order to 
evaluate the shear-time adjustment when viscosity is to 
be applied to a rolling process, the geometrie factor 
equivalent to 4L R must be evaluated for that process. 
This is done as described in a later section. 

Figure 3 shows temperature adjustment factors for 
the two materials. The reference temperature for the 
vinyl compounds is 170 deg. C., whereas that for the poly- 
ethylene resin is 130 deg. C. 

The plasticizer content of a vinyl compound affects 
the viscosity as shown in Figure 4. The adjustment fac- 
tor obtained from this plot relates the viscosity to the 
reference DOP content of 30 per cent. 


Mathematical Equations Applied 


Because it is readily integrated to give a satisfactory 
equation for total force, the pressure distribution equation 
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of Ardichvili is used as the basis for the foree ealeul: 

tion, In this section it is shown how the Ardichvili equa 
tions, combined with some concepts introduced by Gaske ll, 
are used to derive expressions for apparent shear rate 
and shear time. These quantities must be evaluated in 


| 


order to obtain the required apparent viscosity value, 


The rolling process and the coordinate systems are 
illustrated in Figure 5. The point along the x ax of 
closest approach, where h Me. Is Uu ually named the 


“nip” or “bite.” Beeause of elastic recovery and because 
velocity through the nip is greater than roll speed, th 
material fills the space beyond the nip to a point where 
h h., the magnitude of h. varying somewhat with ma 
terial properties and rolling conditions, For a plasticized 
vinyl material in the 8 in. x 16 in, 2-roll mill at a speed 
of 28.5 ft..min. it has beer bserved that the sheet thick 
ness, h., was .020 in. when hy was 0.015 in 

Pressure and shear rate drop to zero as the mate! 
passes the point where h h. It was pointed out by 


Gaskell that there is no shear, also, at the point of 4 k 


pressure where h h,. It is evident, therefore, 
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Solids Conveying in Extruders 


W. H. Darnell and E. A. J. Mol* 
du Pont de Nemours and Co., Ine. 


rom the tr dpoint ofl operation, an extruder serew has 
‘i three main sections. These are: 


a. the feed pickup section. 
b. the compression section, 


c. the metering section. 


The task of each section is to supply the section that 
follows it with plastic at the rate and in the physical 
tate required by that section. At the delivery end of 
the machine the last section is the liquid or metering 
ection. In the past the metering section has been the 
subject of considerable study. The action of the metering 
ection is now well understood on the basis that it is 
filled with a viscous liquid which wets both the barrel and 
the serew. We shall limit ourselves in this paper to giving 
a bibliography of literature on “liquid extrusion” theories 
(See Appendix 1). 

The melting or compression section must be able to 
keep the liquid seetion which follows it completely filled 
with molten polymer under all conditions of operation, 
i.e, at all screw speeds and with dies of widely differing 
resistances. This is needed for versatility of operation. 
Sometimes, a considerable part of the melting section 
becomes liquid-filled, too, and acting as an extruder meter- 
ng section actually increases the over-all output of the 
machine. Of course this extra feeding action is a help 
to the plastics processor but to the serew designer it 
means that the length term that goes into the output 
calculations is no longer a constant but depends on the 
crew speed or the output rate. As the polymer becomes 
melted earlier in the serew, the length of the liquid sec- 
tion increases, and the output per rpm goes up. If the 
liquid) front moves forward, the output per rpm goes 
down, This interaction between the melting and metering 
sections is the subject of another paper by FE. A. J. Mol, 


however, so it will not be further discussed here. 


The task of the feed section is to pick up and convey 
to the melting section as solids the quantity of plastic 
the metering section will extrude after melting has oc- 
curred. Thus, the conveying capacity of the feed section 
must be at least equal to the metering capacity of the 
liquid section on a weight basis. In the feed section the 
olid plastic particles, generally In the form of small 
cubes of more or less regular form, are pushed along 
by the action of the screw. During this transport the 
plastic is heated to the point where it begins to soften. 
The feed section is considered to end where the solids 
begin melting. The melting and compression zone starts 
at that pont. 

In this paper eauations will be derived that express 
the conveying or advancing capacity of the feed section 
of the extruder screw. These equations should prove use 
ful in designing a screw that will have the correct balance 


between the delivery rates of the successive sections. 


Twe nty 


Review of Previous Work 

Compared with the amount of work done on the liquid 
filled sections of a screw, relatively little is known about 
the solids transport. One of the earliest treatments of 
the subject is given by Decker (1). The variables which 
control the solids delivery are discussed. These are the 
shape and dimensions of the channel, surface tempera- 
tures, back pressure, and the coefficient of friction be- 
tween the plastic and the metal of both the serew and 
the barrel surface. Though the conclusions given’ by 
Decker correlate qualitatively with experience, the form- 
ulas given do not relate well to actual behavior. For in- 
stance, the possibility of the plastic moving axially only, 
i.e., Without spiraling, is accepted. Without special meas- 
ures, however, this has never been observed. It is_ in- 
teresting, though, to mention the conclusions of Decker. 
They are as follows: 

1. The friction between the plastic and the screw 
must be as small as possible. Recommendations: polishing, 
nickel chrome plating, surface areas as small as possible. 

2. The friction between the plastic and the barrel 
wall must be as large as possible. Recommendations: 
rough or sanded surface, longitudinal grooves. 

3. The lead and profile of the screw must be chosen 
for the largest axial components of movement and 
pressure, 

4. The “filling factor” or bulk density of the solids 
must be high. 

In 1947 Weber (2) treated the plastic as a_ solid 
“nut” but neglected the forces acting between the barrel 
and the material. 

A much more realistic approach to the problem of 
solids conveying solids in extruders is that given’ by 
Pawlowski (3). He considers a balance of forces on the 
screw contents. The analysis of this balance is based 
on the estimation of the mechanical forees acting upon 
the solid plug of plastic from the barrel and serew. The 
pressures prevailing in the material are included. All 
forces result in either pressures normal to the flight sur- 
face or shearing forces due to friction pavallel to the con- 
tacting surfaces. The plug as a whole is not regarded 
as being sheared so the shearing forces result in a torque, 
thus causing a rotational movement of the plug. This 
combines with a force component in the axial direction 
to result in a forward movement of the plug. Pawlowski 
also mentioned the possibility of a lubrication layer be- 
tween the plug and the metal surfaces. He can account 
for this layer by assuming a pressure dependent cCo- 


Mr. Mol i now with the Rhea Magnet Wire C@ Fort 
Wayne, Indiana, 


(1) Decker H., “Die Spritzmaschine’” (The Extruder), P. Troester, 
Hanove Germany (1941) 

(2) Weber, F. Technik 

(3) Pa o ki. J inpul hed repert Farbenfabriken Bayer, Dor- 
miawer Germany (€1940) 
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efficient of friction. 
A more recent attack on the problem of solids feed 
Maillefer recognized that 


ditferentials but his treat 


ing was made by Maillefer ( 
the problem is one of frictional 
ment is so simplified that he does not actually solve the 
problem for a helical channel where torques are 
He limits himself to a straight channel. Beeause he did 
so his results hold only for a very shallow channel, This 
is not applicable to most feed sections because they must 
be ce ep to get economical capacities, 

Later, in Appendix Il an equation is derived for the 
conveying rates of solids in an extruder. Maillefer gives 
aun equation for the output of the feed section which is 
identical with the equation we derive in Appendix II. 
Included in the conveying rate equation is the angle at 
which the solids move down the screw channel. We differ 
from Maillefer, however, in the derivation of a second 
equation which defines the angle of movement of the 
solids, which is what really controls the delivery rate. 
(Our derivation is given in Appendix III.) The equation 
Maillefer gives can be caleulated from screw dimensions, 
coefficient of friction, and pressure. It looks very simple, 
but an important foree has been overlooked, ie. the 
frictional foree accompanying the normal force exerted 
by the moving flight pushing against the plastic plug. 
Neglecting this frictional force greatly simplifies the 
solution of the problem but must lead to an incomplete 
result. 

Furthermore, Maillefer formulates as the conditio: 
for zero forward movement, no additional pressure build 
up. However, this leads to an angle of movement that 
certainly is not zero. These two conditions cannot exist 
together. For no forward movement the angle of move 
ment must be zero. 

Simonds (5) stresses the importance of friction on 
solids transport and introduces the balance of torques. 
Although qualitatively in the right direction, the treat 
ment is much too simplified, and the conelusions are 
mostly on a “go-or-no-go” basis. That is, the plug eithe: 
turns with the screw or not. No attempt has been mad 
» include the 


to caleulate the actual forward flow or t 
helix angle in the caleulations. 

At this point the conclusion must be that definite 
improvements over the existing theories of solids feeding 


are needed. 


Theory of Plug Flow 

In the feed seetion of an extruder serew both the 
plastic and the metal are relatively cold, and the plastic 
does not wet the metal wall. The feed material fills and 
moves in the helical channel of the serew. We can vis 
ualize the material as a confined solid plug which fills 
the screw channel. The solid plug has the general form 
of a cork serew. A section of it is sketehed in Figure 1, 
This plug will, when the screw is turning, be subjected 
to a pushing foree normal to the flight surface. Thus 
it will have a tendency to move off along a helical path, 
normal to the flight. It will do so when the only resisting 
forces are the frictional forces on the barrel wall. If thes: 
frictional forces were infinite, in the plane normal to th 
axis, the plug would move along the screw without turn 
ing at all, like a nut held ip 
ing bolt. As the friction, however, is independent of direc 


wrench moves over a turn 
tion, the nut must turn, Le, move off perpendicular to the 


flight surface. 


i) Maillefer, ¢ Doct The 


») Simonds, H Weith \ na ct 
*‘lasties, Rulsbe nd Met Reinhold, New Y 
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Figure 1. A section of the solid plug of feed 
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Actually there are also frictional lores trying 
When thi 


happens the forward component of movement of the plug 


drag the plug around with the turning serew 


is decreased, the angle of movement diminishes and the 
delivery rate of the serew drops. Already one very im 
portant conelusion from this triple statement of the same 
fact becomes clear; it is important for solids transport 
that the serew to plastic contact should have a low co 
efficient of friction, Carefully machined serew surface 
highly polished and maintained in this state, are clearly 
Important, 

As is the case with virtually all theories we shall 
have to start with a number of assumptions and limita 
tions, The equations derived from the theory can ther 
be checked against experimental data to see whether o1 
not they fit the facts. 

Assumptions, The derivations are based on the fol 
lowing assumption 

a. The plastic in the serew channel behaves as a 
“elastic” plug and can have internal pressure 

b. The elastic plug contacts all) sides of the screw 
barrel wall, serew root, and both the push 
of the flight. 
¢c. The pressure may be a constant but may also b 


channel, i.e., 
ing and trailing sides 
a funetion of the channel length; the initial pressure 
being Py and the delivery pressure VP 

d. The 
and the metal surface is independent of pressure 

e. No internal shear takes place. Instead the ma 


coefficient of friction between the plastic 


terial behaves as a solid plug. For cube cut > material 
if the cube size is greater than one-fourth of the channel 


depth th assumption will probably not be far off hor 


smaller particles shear becomes more appreciable 

f. The serew i ingle-flighted in the feed seetion; 
n 

g. The width of the flight, e. is negligible, A eon 


rection will be n side later on to llow for the width ol the 


flight. 


h. As a cor equence of (f) and (gry the idth of 
the screw channel is w nm) e] cos @ t cos @, 
vhere t lead and @ the helix angle 

i. The radial clearance of the flight o, is negligibl 

j. The coetficient of friction is the same between the 
plastic and the urface a between the pl isthe 
and the barrel surface, or B). Later on 
ve shall see th fleets of having s) B) 

lwent 
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, k. Assume that the weight of the polymer on the 
barrel and the serew is negligible. 

These assumptions help to simplify the derivations. 
Even so, they lead to fairly complicated equations. More 

nplifications are possible, but we shall be in a_ better 
position to judge their consequences after the derived 
equation are vailable, 

Delivery Rate. The conveying rate of solids in the 
‘ood section of an extruder screw may be calculated from 
the equation derived in Appendix II 

Dhi(D h) tan tan 

in.’ /rev. (13) 

tan @ + tan @ 


where 

) the angle of movement of the outer surface of 
the solid plug, degrees 

1) the helix angle of the screw, degrees 

h the depth of the channel, inches 

DD the diameter of the serew and of the barrel, 
inches 

N the rotational speed of the screw, rpm 

) volumetric delivery rate of the solids, in.)/min. 


Force Balance. In order to estimate the delivery rate 
by means of Equation (13) it is necessaary to know the 
value of @, the angle of the direction of movement of 
the solid plug relative to a plane perpendicular to the 
of the serew. 

Now, @ can be found from the static equilibrium 
ease When the plug is just on the point of moving off in 
the direetion @ At that time the resultant of all forces 
on the plug will be zero. Let us therefore consider what 
forees act on the plug and where. Refer to Figures | and 

The forees acting are: 

Fisub n), the pushing foree, normal to the flight 
urfaces. Its angle with the reference plane (a 
plane perpendicular to the axis of the serew) 
Is (90 

(subn) the frictional foree opposing any 
movement of the plug relative to the serew, Its 
angle with the reference plane is 0) (the helix 
angle), as the plug can only move up or down 
the channel. 

(subs) (subs), the frictional force working be- 
tween the serew root and the inner plug surface 
caused by the pressure P. This foree also opposes 
relative movement of the plug at an angle of @ 
with the reference plane. 

(sub ft) ui(sub 3), the frictional forees on the push 
ing and trailing sides of the flights caused by the 
superimposed pressure, P. 

(sub B) u(sub B), the frictional force between the 
plug and the barrel, also caused by the pressure 
IP, but working under the angle of movement is) 
with the reference plane. 

The directions of the frictional forces, F(subn) pu 
(sub ) and F(sub s) (sub Ss), are determined solely 
by the form of the serew because the plug can only fol 
low the flight. The barrel friction, F(sub B) u(sub B), 
however, can have any direction, but it is always one 
exactly opposing the direction of movement of the plug. 

These forces must be balanced. They can be resolved 
into their components, those acting perpendicular to the 
reference plane and those acting parallel to the reference 
plane. The forces parallel to the screw axis can be added 


algebraically; they are all acting along the same line of 


and D written without a subscript are understood to 


be pi sub B) and Disub B). 


Tu ‘ niu 
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Figure 2. Forces acting on solids plug 


force. The components in the reference plane act on 
cylindrical surfaces, however, and have to be treated as 
torques, euch force working on its own lever arm, At 
the barrel surface the lever arm is D2. For the screw 
root [F(subs)] it is (D 2h) /2. For the forces on the 
flight surfaces, F(subn), F(subn) (subs), and F (sub f)- 


Figure 3. Trigonometrical Relationships 


~ and C= 5 tan E tan =C tan 


SPE JOURNAL, April, 1956 


SCREW) axis 
Trow 
| 
“* > 
A 
4 
Z 
7, 
4 
a 
| 
oO 
= 
t t 
g 
TT (D-2h) 
| 
1I(D-h) 
be ls lo | 
ee. 8 a b | 
= 
t 
j 


u(subs), an intermediate value is needed. To simplify 


matters an average lever arm, (D h) 2, will be used. 


The helix angle of the fl ght surface Increases as we 
move inward to the screw root. The force components of 
the forces working on the flight surface parallel to and 
perpendicular to the reference plane have to be ealeu 
lated with these local helix angles. Again for simplifiea 
tion, let us introduce an average helix angle, @(suba) 
This angle is defined by tan o(sub a) [tan @(sub B)]E 
Where E (D h) D. (These and other relationships 
are given in Figure 3.) The errors introduced by these 
simplifications are negligible. 

After there preliminaries we ean now write the bal 
ance of forees perpendicular to the reference plane and 
the balance of moments parallel to the reference plane, In 
Appendix III these balances have been written, The forces 
are diagrammed in Figures 1 and 2. 

The forees Fi(subs), F(sub B), and F(subf) are the 
products of the prevailing pressure P and the surface, 
offered by the length of the plug under consideration. 
This length is measured along the channel itself. The 
forces F(subn), F(subs), and F(subf) obtain the values 
given in Equations (15) and (20) of Appendix III. Sub 
stituting and collecting terms results in the equations 

dF(subn) [(cos @(sub a) (subs) sin @(suba)] 

A,Pdx + A-dp 
(1%) 
df(sub n) [CE sin @(sub a) u(subs) cos pisuba)] 
B,Pdx Bdp 
(25) 
Letting K be the ratio of the forees acting perpen 
dicular to the reference plane to those acting parallel 


k E (sin@, + cos, — B,Pdx- 8B, 
cos, —AM. sind, A, Pdx +A, dP 
leads to the differential equation 
K(A,Pdx A.dp) B.dP (28) 


which is not too difficult to solve. Finally we end up with 


(40) K + (KC tan +t ’) 
hE 
sin, (E + K sin ) On 


Discussion of Equations 

By careful serutiny of the equation just developed 
some useful information can be gained. By letting M 
stand for the last three terms of Equation 40 the follow 
ing shortened equation is obtained: 

COs Q iN sin 0 M (41) 
The simplest way to visualize this equation is to plot 
M as a function of K with @ as a parameter, This has 
been done in Figure 4. From this graph it is easy to 
deduce that for the largest angle of movement, and 
henee the largest transport of solids, both K and M should 
be small. A small M implies a small K, E, and C, For 
the latter two of these this means a deep serew channel. 

No Forward Movement. The condition for no for 
ward movement is also directly apparent from Equation 
11. When the angle of movement 6, is zero the extruder 
screw is not conveying solids. For 6 0; sin @ (); 
cos 8 1; and therefore M a 

Effect of Back Pressure. The constant M, consists of 
three parts. 


(42) M C (Kon ap, + Coos.) (KC tan 

P, 
+ ind, (I # Kooin 
The last term, containing In I Ps. represents the influence 
of back pressure on output. Note that for a given wy) and 
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u(sub B) and I Any 


h, In P. Py is) proportional t 


increase in the length of surface over which the friction 
acts helps to greatly increase the pressure that can be 
overcome. Remember, however, that K is also dependent 
on u(sub B). When P P,, this item becomes zero, M be 
comes smaller, and the delivery rate increases. One can 
also estimate at what back pressure the delivery will 
stop altogether. That is when the value of the pressurs 
P. is enough greater than P,, that M equals 1. 

No Contact with Trailing Flight. The middle term of 
M represents the contribution of the screw flights. When 
there is no contact with the trailing flight, the forces r 
sulting from pressure must be modified because ther 
is contact pressure only in radial directions. When th 
is done, the last two terms of M and of Equation 40 drop 
out and Eauation 40 reduces to 

cos 8 K sin@ + C[(K sin cos @(sub s)] 

(453) 

For the simple ease represented by Equation 43, let 
us see how the angle of movement, @, depends upon the 
helix angle, @, and the coefficient of friction, pcsubs) 
We can do this by considering how K varies with @ and 
u(subs). Reeall that u(subs) enters Equation 43° by 


means of the definition of K which is: 


E (sin cos ®,) 
cos@, M. q), 


By substituting the relationships shown in’ Figure 8, K 


K 


may be also written as 


(tan 


44) K 
Mytan Pp. 


In Figure 5, K has been plotted as a funetion of i sub a) 
with as a parameter for values of and 
0.90. From the graph it is obvious that small values of 
and low «(subs) both lend to a small K. It is desirable 
for K to be small to increase @, the angle of movement. 
Also note that K is smaller at lower values of EK. Thi 
again implies that better transport is obtained with deep 
screws, This last statement must be made with reserva 
tion, however, because along with a smaller 
higher helix angle at the root of the serew, (sub ). In 
the range of helix angles in which we are. interested, 
though, a deeper channel will lead to a lower over-all 
value for M. 

Differences in Coefficients of Friction. fn making th: 
derivation given in Appendix II] we assumed (right after 
Equation 33) that the coefficient of frietion of the plastic 
on the serew channel, vo subs), was equal to the coefficient 
of friction of the plastic on the extruder barrel, sub B) 
This step was taken to greatly reduce the complexity of 
the equations obtained, In actual practice, however, thi 
is generally not true. Had this assumption not been made, 
then the terms now represented by C and FE would have 
had to contain, alse, the ratio ve subs) y(sub B), Then to 
make the value of C or E small (to make M small, @ 
large and the conveying capacity high) the coefficient of 
friction on the crew, ptsubs), should be low the 
coefficient of friction on the barrel, ytsub B), should be 
high. Experimental results given later illustrate the effect 
of the (subs) u(sub B) ratio 

No friction on Screw. Now let us look at what would 
happen if the friction of the plastic on the se 
so low that it could be considered to be zero. This migh 


be thought of as the best theoretically possible « 


When psubs) Oand we can see in Equat 

39 that all tern except the first one drop out, and that 

K, which is given by Equation 44, reduce to FE ta 
Twenty t ee 


2 
¢ 
‘ 
: 


Figure 4. Plot of M as a function of K, with @ as a parameter 
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Figure 5. Plot of K as a function of @ (sub a) with \y (sub s) and 
E as parameters 
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Figure 6. Typical Feed Screw-tan function plotted against helix 
angle 
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@(suba), which is equal to tan @(sub B). in this case: 

cos @ K sin ® (45) 
and 

cos 8 sin 8 ‘ot 8 IN tan @(sub B) (46) 
Making substitutions into Equation 13, the delivery rate 
equation, reduces it to: 

QUN tT Dhi(D h) sin @ cos @ (47) 
In the symposium on the theory of plastics extrusion (6) 
the drag flow capacity of the metering section of an ex- 
truder screw when pumping a fluid melt is given as: 

Q N (D h)- Cos @ (48) 
Note that the right side of Equation 47 is about twice 
that of Equation 48. This implies that in a given screw 
the volumetric delivery rate for solids is about twice the 
volumetric drag flow capacity for liquid melts, Of course, 
the bulk density of a solids feed is never equal to the 
liquid density. In fact it is seldom more than 0.5-0.7 of it. 
With absolutely no friction between plastic and screw and 
no back pressure, we might infer that the maximum de- 
livery rate of the feed section on a weight basis thus 
is about equal to the drag flow capacity for the melt. 
But even a slight increase in friction on the serew dras- 
tically reduces the solids feed delivery. rate, for most 
plastics, below the liquid drag flow capacity. With little or 
no back pressure on the delivery end of the machine a 
compression ratio of from about 2.5 for polyethylene to 
about 4.0 for “Lucite” acrylic resin is necessary, depend- 
ing upon the helix angle. If the compression ratio is not 
high enough, the metering section of the screw is starved 
when it is being operated at or near to open discharge. 
The machine output is then controlled by the feed sec 
tion, The delivery rate may become irregular because 
changes in bulk density and friction (due to small temp- 
erature variations) are immediately reflected in the de 
livery rate. 

It might be interesting to note at this point that a 
British patent (7) has just been issued for coating an 
extruder screw with polytetrafluoroethylene to give a low 
coefficient of friction and improve the efficiency of feed 
ing. 

Maximum Delivery. What are the conditions which 
favor a maximum delivery by the feed section of the 
extruder screw? We have seen that the following condi- 
tions favored a large angle of movement: 

a. A deep screw, 

b. A low coefficient of friction on the screw, (subs). 

A high coefficient of on the barrel, u(sub B). 

d. A small helix angle, o. 

Although it is true that having a small helix angle will 
increase the angle of movement, 6, it is not necessarily 
true that the output, Q’N, will increase. This happens 
because the actual delivery rate, which is given by Equa 
tion 13, 


Q _ DhOD h) tun O ten ® 
N tun +4 tan 


is a funetion of both @ and 9. When p is ata minimum 
9 is at a maximum and conversely. At both these extremes 
QN 0. It is clear that somewhere in between there 
is a value of @ where Q’N is a maximum, This helix 
angle of maximum «de livery rate depends on the difference 
of friction as does the magnitude of the maximum de- 
livery rate itself. For a low coefficient of friction between 
the plastic and the screw, max) and are large. 


Hy ‘ J \ M x. & Me KRelvey 1. M 
Je ( im n the Theory of Plastic 
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For example, a screw, 


working well for acrylics will 


always work equally well or better for polyethylene, but 


the reverse is not true. I fact, the best feed section for 


polyethylene may have a very low capacity for acrylics. 
This can be deduced at glance from Figue 6 where the 
function (tan @ tan @) (tan 6 tun @) is plotted 
against the helix angle @ for a typical screw for several 
values of wtsubs). The caleulations upon which the 
curves in Figure 6 are based are shown in Appendix IV. 
), the position of @(max) would be at 45 


This corresponds to the point where th 


If utsub s) 
function sin 
cos @ Is & maximum, If «tsubs) is not zero, the helix 
angle of maximum output, @(max), shifts to a smaller 
value. For u(subs) 0.25-0.40, as for polyethylene 
@(max) is about 22°. For «tsubs) 
acrylics, @(max) is about 17 


The general conclusion is that for safe, dependable 


0.40-0.60, as for 


delivery of plasties of various coefficients of friction the 
helix angle should not be too large (not over 17.7) or the 
lead diameter) and the channel should not be shallow. 


oge 
Experimental Verification 

To test the validity of the foregoing theory some 
experiments on solids feeding were carried out. Three 
extruder serews which had a uniform channel depth 
throughout were constructed. The dimensions of these 
screws are shown in Table I. The screws were tested in 
regular metal extruder barrels at 25 C. For observing 
the feeding action the screws were also operated in a 
barrel made of “Lueite.” 


Calculated Expected Conveying Rates 
In Appendix V the conveying rates to be expected 
for these screws are computed for several common plastic 


resins. 


Experimental Data 
In Table II the average conveying rates found ex 
perimentally for these resins are compared with the 


caleulated rates. 


Discussion of Results 


bottom of the serew channel and be pushed forward 


flight At other times 


several particles would stack themselves one upon. the 


sharply by the advancing serew 
other to make a pillar the height of the serew channel 
Then a wedge of other particles would dam up behind 
this pillar until enough force was exerted to cause the 
pillar to fall. As in any occurrence that varies in a ran 
dom manner the average serves as a representative value 
of the process taken as whole. Similarly, our original 
concept of the solids particles acting as an elastic plug 
is probably a representative pieture although at a given 
Instant some other random 


tumbling, or bridging, 


motion of the individual particles might make it invalid 


Appendix \ 


It Is necessary to know values of the bulk density and of 


In making the computations shown in 
the coefficient of frietion of the resin, Beeause of the 
size and shape of the pellets the bulk dé nsities of com 
mon plastics resins are dependent upon the size and 
geometry of the container in which they are measured 
As shown in Table TI, in small graduated eylinders the 
bulk density is lower than in large ones. To approximate 
the size and shape of extruder channels, rectangular boxe 
of various widths and depths were constructed. Thess 


were filled with resin and straight edge was.) seaped 


across the top to approximate the aetion of the ex 
truder barrel in’ passing over the serew channel. Some 
of the bulk densities determined in this manner are. re 
Table IV. It was found that the bulk density 
is Independent of channel width but decreases with a 
decrease in depth. We should expect this to be so beenuse 
the width of the channel 


ported 


much greater than the par 


TABLE | 
Dimensions of Experimental Feed Screws 


Screw \ Screw i Screw ( 


Diameter, inches 1.60 
Root diameter, inche 1.375 1.00 1.00 
Lead, inches 2.000 2.40 


In making a comparison of the theoretical and ex Land width, inch 0.200 O.1e5 0.126 
perimental outputs of the feed zone of an extruder serew 
several factors manifest their im- 
vwortance. These factors are (1) the 
variation of the rate of solids con TABLE II 
veying with time, (2) the bulk dens Conveying Rate of Plastics 
ity of the resin, and (3) the co Ave e Conveving tat o 
efficient of friction of the resin. on 
the barrel and screw surfaces. 
In Table IT each conveying rate 
reported is an average of 10 to 70 
observations. In given one-minute in 
tervals the conveying rates were ob Screw A 
served in oa few instances to be as Caleulated Rate 14.4 1.0 1 
much as 15% above or below. the Smooth Barrel, udsub B) ~ (subs) 14.0 13.2 1.5 
iverage. When we watched the feed Rough Barrel, 15.8 
ing of plasties resins by the extrude Polished Barrel, 11.4 
serew in the “Lueite” barrel, the Screw B 
reasons for the fluctuations became Caleulated Rate 6.5 


turns the 


Smooth Barrel, B) ~ ptsubs) 24.3 21.1 4 


apparent. As the serew 

particles do not always advance in Rough Barrel, B) u(subs) 
me direction and in a uniform man Polished Barrel, yi(sub B) 19.2 

ner. Sometimes they tumble, slide, Screw C 

bind, or bridge in the serew chan Caleulated Rate 4 
nel. Oceasionally — it could be ob Smooth Barrel, sub Bi ub s) 
served that the solids were turning Rough Barrel, utsub B) (subs) 24.4 24.8 
with the serew., At another moment Polished Barrel, y(sub B) 


the particles might tumble to the 


SPE JOURNAL, April, 156 


5 
e 


channel depth is not. It made 


ference t what angle the straight edge passed over the 
char Any partiel vhich protruded partially 
top of the channel were vept away by the 
ry eft the channel with some unfilled space. 
bulk density determined in this manner is probably 
becnuuse there vn no opportunity for the 
f to and completely fill some portion of the channel 
er elevation, In. filling the channel of an 
truder sere the particles fall loosely and freely on one 
nother nd there j ome, but not much, opportunity 
for packing to take place. Thus, the bulk density of 
rate il in the channel of a rotating serew would 


xpected to be lower than in a graduate 


hallow neulatr box. In r to 


bulk density of 
run serew A for 


rect 


the 


the ere being careful to ecateh the contents 
Preony t mensured length of the serew, The average of 
urements made in this manner in serew A for 
ch resin is reported in Table V. Here again the varia 
tier that occur with time play a part and limit the ae 
iracy of the determinations 
For coefficient of friction measurements most investi 
iter report that it difficult to wet reproducible 
‘lt \nother complication we find is that most investi 
tors fail to specify the surface finish. It is known that 
the coefficient of frietion on micropolished steel are 's 
to bs those on ordinary polished steel, The values which 


ire for ordinary steel, Gebhard (8) ha 


tf room temperature the dynamie coefficient of frietion 
for nvlon on steel thout 0.25 and for “Lucite” on steel 
bout O14. Por “Kralastie’ Bohe reports 0.25 and for 
O27. Spencer (9) reported a coefficient 
for Saran. Roche (10) give 0.218 for poly 
tyrene, Shooter CLL) give the following values of co 
efficient of liding: frietion at) room temperature for 


teel: 


poll he 


“Teflon” 
“Teflon” 
Polyethylene 
Polyethylene 
Poly 
Polystyrene on polystyrene: 0.5 


tetrafluoroethylene resin on steel: 0.04 
on “Teflon”: 
teel: 
on polyethylene: 


teel: O30 


04 


on OV 


ty on 


“Perspex” (polymethylmethacrylate) on steel: 0.5 


pex” on “Perspex”: O8 


Intermittent motion, 


Ina later reference Shooter (12) give 


Polyvinyl chloride on steel: 0.5 


olyvinyl chloride on polyvinyl chloride: 0.4-0.6 
teel: O25 


tye thylk he on 
‘olyethylene on polyethylene: 0.25 
teel: O.4-0.5 


on poly 


olystyrene on 


oly O.4-0.5 


tyrene tyrene;: 


| 
| 
| 
| 
Polymethyime thacryvlate on steel: 0.5 
Polymethylmethacrylate on 

leate 
Nylon 


Nylon on 


polymethylme thacry 
0.4-0.6 
on steel: O.25 


nylon: 


hooter out that at of 100) to 
rrams the coefficient of frietion is constant, but at 
It ‘ rel Wole M Be 
hystes, ) 


Twenty 


estimate 


dif 

above 
moving 
The 
too 


part icles 


ex 


period of time and then stopped and 


found that 


lighter 


the 
be 
and higher than 
the 
material in an extruder screw 


of 


Mate 


*Alathon” 


“Lucite’ 


TABLE Ill 


Bulk Densities of Plastics Resins as Determined in 


Graduates 
Graduate 
\ ime Bulk Density 
m. 
“Zytel” 101 nylon resin 1000 0.58 
yoo 
950 O58 
O54 ‘ 
50 0.53 
10 0.45 
10) polyethylene 1000 O54 
500 0.54 
250 0.54 
100 O51 
O51 
10 0.42 
140 aerylic resin 1000 0.65 
HOO 0.63 
0.68 
0.62 
50 0.62 
10 O55 


M 


“Zytel” 101 


*Alathon” 


“Lucite” 


TABLE IV 


Bulk Densities of Plastics Resins as Determined in 


Shallow Re 


ctangular Boxes 


Height of Bo Bulk Density 
m. 
nylon resin 1.0 0.48 
O50 OLS 
0.375 O17 
10 polyethylene 1.0 0.45 
0.75 0.43 
OTD 0.3333 
O25 
140 aerylie resin 1.0 
OTD OT 
O50 0.45 
OS 


Mutter 
tel” 1 


*Alathon” 


“Lucite” 


TABLE V 


Average Dynamic Bulk Densities of Plastics Resins 
(As Determined in Screw A) 


OL nylon resin 
10 polyethyle 


140 acrylic resin 


Dynamic Bull 
Density 


m. 

ne 0.490 
0.618 


londs it genera 
Faced 
the coefficient « 
in Appendix 
“Zytel” 10 
“*Alathon” 


“Lucite” 


witl 


The of 
ted 
(12) Shooter, 


lly increases, 
making a 
f friction to u 
we chose the fo 
1 nylon resin 
1) polyethylens 


140 aerylie resin 


O.40 for polye 


by Shooter (12 


roc. Rey. Soe. 


SPE 


dec) 


ion as to what values of 


e for the calculations shown 
llowing values: 
Oh 
0.40 
0.50 
thylene is higher than the 


The higher value was 


(A) 212 488 (1952) 
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chosen because we found in making calculations that using 


0.25 gave predicted outputs that were about 11-12% 
higher. 

Now let us compare the measured feeding rate of the 
three serews given in Table I] with the predicted rates. 
For the smooth barrel we see that the agreement is gen 


erally good. This barrel was machined to about the same 


smoothness as were the three experimental feed screws. 


For the smooth barrel the coefficient of friction of the 
resin on the barrel was probably about the same as that 
of the resin on the screw, (sub B) (subs), which 
is the assumption made in calculating the predicted con 
veying rates. 

For the rough barrel, which was scored and pitted, 
utsub B) was undoubtedly greater than u(subs) and 
the measured rates were higher than predicted. 

The third barrel was a new barrel in a commercial 
extruder and had a mirror-like finish that was smoother 
than the machine finish on the experimental screws. For 
this barrel u(sub B) was less than (subs) and the 
observed conveying rates were lower than predicted. 

Thus we can see that for good feeding of plastics 
resins it is important to keep the extruder screw at least 
aus smooth, if not smoother, than the extruder barrel. 

Considering the uncertainties in the values of the 
coefficients of friction, and of the bulk densities of plas 
ties resins and the variation of output with time, it ap 
pears that the equations developed give good estimates 
of the output to be expected for extruder serews, It is 
hoped and anticipated that these equations will prove 


useful in the design of extruder screws. 
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Appendix II 
DERIVATION OF DELIVERY RATE EQUATION 
Let T the time for the solid plug to slide from position 


1 to position 2 along the top of the serew channel when 
the peripheral velocity of the serew is U, Then 

1 b U) (1) 
From the geometrie relationships shown in the sketch 


we can write: 


b 
aA 
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b 


by the Law of Sines 


sing (3) 


UsinOsingd UsinO sin (4) 
180 (0+9)| sin(ot 


by identity 


sin = sinO sing cose (5) 
UsinO sind (6) 
q sind sin 


~ COs + sing cosO 


Div iding top and bottom by cos 0 COs ® gives 
Vien U tan © tan Pp (7) 
tonO+ tan(p 


on ies (8) 

Q= (v-2ny'] v, 
Q= Th(D-h)Vy (9) 
Q rh (D 1) Ulan O (10) 

Now U TDN, so (11) 
Q= DhAN(D-h) tan© tan 
tan© + tang 
n’*Dh(D-h) tan@ tang? (13) 


tanO + tan® 


Appendix III 
FORCE BALANCE EQUATIONS 
Refer to Figures 1 and 2. 

See Table of Nomenclature for terms not defined else 
where. 

The pressure drop over distance dx is dP. In the sum 
mation both, h P dx, pressures against the walls (flight 
surfaces) can be omitted, because they neutralize each 
other. This is not so for the frictional forees caused by 
these pressures, because they work in opposite directions, 
Forces acting perpendicular to the reference plane( par- 
allel to the screw axis). 


=-dF,, cos PatdF,sine+ 2dF, Ay dF sin@y+ 


dF, sing), + wah sin@, dP (14) 
(15) 
=~-dF,, cos yt sin @ Pdx +2ha, sing), Pdx di, 
sing), + 91ND, Pdx sin@, dP = O 
Collecting terms: 
= dfn sin + Pdx sin 
Zhu, sin We Ad, sin.) + wah sind, dP =O 
Let: 
SING 4 2hys, SIND (17) 
A,= Wah sin@y (1s) 
Then: 
dF, (cosy fl, sing, ) =A, A,dP (19) 


Forces acting parallel to the reference piane (perpendicu- 

lar to the screw axis) are to be counted as torques. 

)My sin Da E COS © Pdx - 2 cos EPdx 
As 44, cosp, CPdx -wahE cos 


2 
4 = 


( ct tev 

(22) 
ZhAl. cos w, cos ( ) -w, hE cosd,dP 
Lot 
Wy 6050 - -Z2h coS D.C (25) 
B,= whe cos, (24) 
‘| hen 
dF, (E sin, + C08 = B, Pdx -B, dP (28) 
Now, let 

(26) 

(E sin), + Eas, cos.) 
dF,, (cos My sin.) 
cosQ,- At, sin A,Pdx +A, dP 

vhe nee 

(28) 
K (A, Pdx tA,dP) B, Pax dP 
dividing by PP and collecting term 

(kA,- B,) dx (B,+kA,) 
nteyrating ovel | 

P, (30) 
| (KA, - B,)dx = -| (8, +kA,) 
o P, 
(31) 


(KA,-B,)1 -(B,+KA,) Int 
Now, substituting for A, and B,, and adding the approp 
riute subseripts on 1. (Refer to Figure 3.) 

(32) 
sin O + 3 Kw, AA, sie, Li,w, cos O + 


| rl. wed cos, KA,) In O 


Solving for cos 8 and separating term 


(335) 
KAlg 1, sin Ig KWo Ads sind. 
cos 
P. 
cosQyE C (B, + KA,) In 
We Wp ig Alp 
\ssuming at ub B) ytsub s) and making the sub 
titutions: 
(34) 
w. t cos We «tcos 
(35) 


sing, sm, "6 sin Dy 


Twenty erght 


gives: 
= Ksin@ 4 + Keosd, (sings 


co sib, (sins), (6, +KA In A.) In pe 


cos, sin®s ly Ate 


(37) 


cosO=KsinOr+ tan), +KcosP, tan), + =cot tang, 


P, 
+KA, Yin 


substituting: 


(38) 
ives 
y 2 39 
cosO =Ksin OF 2h KC tand),+KCsin + 
a 
Ccos (B.+ KA.) InP, 
Making similar substitutions for B. and A. gives: 
(40) 


cos © = Ksin@+ C(Ksing, cos, )+ (KC tan, + 
sin (Ecosq,+ Ksin ,) In Ps 


Appendix IV 


CALCULATIONS FOR FIGURE 6 
Assume the following as the dimensions of the feed 


section of a typical Screw. 


1) 2.000 in. 
h O.400 in. 
2h) D 0.6 
h) D O.8 


The value of K is calculated from Equation 44. 


K (ten Pats) (44) 


| ton 


Figure 7 is a design chart which gives values of 


tan +Ads 


for various values of ty) and Multiplying 
values of this function read from the chart by E gives K. ° 
The relationships of sub B), m(subs), @(sub a) 


are given in Figure 3% 


The value of @ was obtained by solving Equation 43, 

which was assumed to be applicable in this case. 
cos 8 K sin@ C {kK sin ubs) C cos misubs)] 
(45) 


Figure 4 is a design ehart which was used in solving 
Mquation 43. 
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— 
here 
of 
» (36) 
3 
D-h . D-2h (21) 
7 C= 
D D 
| 
| 


° 
c 
+ 
e 
o ‘ 
- 


—— K=E (ORDINATE VALUE) 
4 


Oo 5 10 15 20 25 30 35 40 45 50 55 60 
a, AVERAGE HELIX ANGLE, DEGREES 


Figure 7. Function vs. helix angle. 


Appendix V 


Calculation of Expected Output 

Values Used in Calculations 
Bulk Density “Zytel” LOL nylon resin 
“Alathon” 101 polyethylene 0.490 gm. ce. 
0.613 gm. ce. 


O.475 gm. ce. 


“Lucite” 140 aerylic resin 


nt of Frietion 


“Zytel” 101 nylon” resin 0.25 
“Alathon” 10 polyethylene 0.40 
“Lucite” 140 acrylic resin O50 


Example of Calculation of Feeding Capacity of Screw A 
for “Zytel” 101 Nylon Resin 


Screw Dimensions: t 200 

I) 1.991 
I) zh 1.375 
e 0.200 
h 0.313 

(DD h) D 0.843 

(DD 2h) D 0.69 

tan @(sub a) t h) O.879 
@(suba) 20.7 


tan (subs) t 2h) 0.464 
3) 24.9 
cos 0.907 
sin (subs) 0.421 
tan (sub b) tnD 0.82 


From Figure 7, for ve subs) 0.25 and g(sub a) 20.7 
tan + Ads 0.7O 
Als tan Da 

kK (0.70) O.845) (O70) 0.59 


Neglecting the width of the flight and the effects of back 
pressure and contact with the trailing edge of the flight, 
Equation 43 and Figure 4 were used to find @ 


+C cos @, 
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0.602 and 2S 


tun © tan 


tan O-¢ 


0.200 
By Equation 13 
—— 22.04 in Nec /rev 


Taking into account the volume occupied by the flight by 
multiplying the output by (t-e) t: (33.8 ee. rev.) 
(2.00 0.20") ee. rev 


(30.4 ec. rev.) (O.475 gn cee.) 14.4 em, res 


Similarly: 


Computed Outputs in gm. rev. 


Screw Screw Serew ¢ 


“Zytel” 101 nylon resin 14.4 26.5 25.4 
“Alathon” 10) polyethylene 13.0 
“Lucite” 140 acrylic resin 15.3 25.3 


Nomenclature 


au, b,c symbols for sides of triangle 

(D 2h) 

I) diameter of serew 

e land width of flight 

(D h) D 

df(sub B) force exerted from barrel surface on plug in 


length dx 

dk (sub f) foree exerted on plug from flight surfaces 
of channel in length dx 

dk (sub n) normal foree exerted from trailing edge 


of flight to solids plug in length dx 


dk (subs) force exerted on plug from surface of root 
of serew in length dx 

h depth of channel 

kK ratio of forees acting perpendicular to the reference 


plane to those acting parallel 


| length of helical channel] sin 

L, axial length of serew 

M collection of terms in Equation 40 

" number of screw flights in parallel 

N rotational speed of serew (revolutions per unit time) 
|’ pressure at any distance x 

() volumetric rate of discharge of serew 

t lead of screw 

peripheral velocity of screw 

Visub x) velocity of plug in direetion of serew axi 


W width of serew channel perpendicular to the serew 


channel [(t/n) e] cos @ 


x variable distance measured along helix of channel 

o clearance (radial) between the top of the flights and 
the barrel 

(3) angle of direction of solids movement, measured fron 
a reference plane perpendicular to the serew axi 

rv coefficient of friction between solids and metal of 

extruder or serew 

helix angle of serew, measured from reference 
plane perpendicular to the screw ax 

time 

ub B at barrel surface 

sub a at average de pth of channel 

sub s at surface of root of screw channel 


(®@ and D written without a ubseript ure understood 
he By) and D¢sub B).) 


3.00; 
/ / 
| / / 
2.80: / 
2 Us= 8 / / / / / / 
2.60>3- [5=0.6 
j j / / 
2 40-47 Hs=0.5 / / / / 
4 / / 4 / / / > 
¢- M,=0.3 / / / / / 
2.00: 7-Us=0.2 / / / 7 / / arty 
/ 
1.60° vA / / VA J 
| J (f / 
0.60 
0.40 
Twenty nine 


The Effect of Heat Treatment On -- - 


The Polishability of Mold 


E. E. Lull 


Crucible Steel Co. of America 


HE USE OF CARBURIZED molds has wide appli- 

cation in the plastic mold industry. Virtually all 
steels for cold hobbed molds are of the carburizing type. 
These are used because of their low hardness in the an- 
nealed condition. By reducing the carbon content to about 
100 maximum, the steel manufacturers are able to anneal 
various alloy combinations soft enough for practical cold 
hobbing. Steels with a carbon content at this low level 
do not develop the necessary physical properties for a 
plastic mold unless they are carburized to the necessary 
depth prior to heat treatment. 

The majority of cut molds for thermosetting ma- 
terials are also carburized. A low or medium alloy tool 
steel with approximately 300 carbon is popularly used. 
Steels of this composition develop the required toughness 
to withstand the impact or compressive forces of the pro- 
cess, but do not possess adequate abrasion resistance for 
long run molding of most thermosetting resins. This is 
particularly true of the phenolics. A carburized mold de- 
velops the desired combination of toughness and wear re- 
sistance for these applications. 

Carburized molds have also found a place in the field 
of injection molding. Most mold builders and_ polishers 
agree that high hardnesses are necessary to achieve good 
finishes and high luster. When the ultimate in finish or 
luster is required of an injection mold, a carburized sur- 
face is usually specified. 

The foregoing observations indicate that carburizing 
steels are variously employed by plastic molders because 
of their physical properties of machinability, toughness, 
abrasion resistance, and high attainable surface hardness. 
In addition to these qualities, a good plastic mold steel 
must also possess an inherent ability to be polished. This 
requires freedom from pits, slits, flake and other discon- 
tinuities, Tool steel manufacturers have made substantial 
progress toward minimizing these conditions. Improved 
polishing abrasives and techniques are also being utilized 
to achieve better finishes. In spite of these advances, oc- 
casional complaints of orange peel, shadows, and voids 
persist, This suggests that another variable, heat treat- 
ment, may be contributing to these conditions. 


Carburizing and Polishability 

It is recognized that many compositions of plastic 
mold steels are heat treated. The remarks set forth in 
this paper will be confined to carburizing and its effect 
on polishability. The observations should not be _ inter- 
preted as being pertinent to other types of steels or 
methods of hardening. 

To explore the possibility that heat treatment might 
influence polishability, we atterapted to reproduce com- 
mon variations in the carburizing and quenching cycle. 
For our investigation, we selected a popular plastic mold 


Thirty 


Magnification: X100 Etchant: 2% Nital 
Illustrates the uniformity shown by the carburized cases on the 
specimens that were carburized at I1600F. This particular piece 
was oil quenched from 1500F. 


Figure 2 
Magnification: X100 Etchant: 2% Nital 
Illustrates the scattered, uneven distribution of carbides shown 
by the carburized cases on the specimens that were carburized at 
the higher temperatures, especially 1700F and 1750F. This par- 
ticular piece was oil quenched directly from 1700F. 
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steel to the following mean chemistry 
Carbon 300 
Manganese 
Silicon 50°; 
Chromium 
Molybdenum 20% 


A sample specimen 1 
of a 40” x 48” x 28 


thick was cut from the centet 
block. A center section was chosen 

of the surface most likely to be 
polished on a finished mold. The 1 


as being representative 
thick section was re 
cut into 12 pieces 1” square x 6” long and_ identified. 
These pieces were then divided into four equal groups and 
carburized at 
1750 F with 50° increments. The 
W oodsid 


and held at their respective 


temperatures ranging from 1600°F to 
specimens were packed 


100% Rapid Carburizing Compound #2 


temperatures for the neces- 
Sary time to achieve a uniform cause depth of .O70 

Several check pieces were included in each group of 
three specimens to determine when the desired depth was 
reached. The time at temperature necessary to achieve the 
depth is shown in Table I. 


Table |—Carburizing Time 
Time Required 
at Temperature 
to Obtain a Case 
deep 
2s Hours 


Carburizing 
Temperature 
16000 F 


1650°F 
kr 
1750°F 


22 Hours 
19 Hours 
16 Hours 


A cause depth of .O70 


of the case 


was selected as representative 
molds. This 


depth permits sections weighing several tons to be ma- 


usually specified for very large 
chined for fitting after heat treatment without danger 
of removing the case, This degree of precaution is not 
necessary for smaller sections and the time at tempera- 
ture shown in Table I could be substantially reduced. 
After each group had been carburized to the de- 
sired depth, one specimen was oil quenched directly from 
the pack, another removed and quenched from 1550°F and 
the third removed and quenched from 1500°F. 


All pieces 
were tempered for two hours to a case hardness of 56-57 
Rockwell C as shown in Table i. The pieces were also re- 
tempered at 500°F for two hours to avoid as much un 


tempered martensite in the case as possible. 


Table II—Tempering Temperatures 
Tempering 
Temperature 
Resulting in a 
Case Hardness 


Carburizing of Rockwell 


Code Temperature Quench C 56-57 
1A 1600°F oil-direct 650° 1 
1B 1600° F 1550° F-oil 650°) 
1c 16000 F 1500° F-oil 650°] 
2A 1650°F oil-direct 650°] 
2B 1650°F 1550° F-oil 650°} 
1650°F 1500° F-oil 650°] 
3, 1700°F oil-direct 650° F 
3B 1700°e F 1550° F-oil 650°F 
F 1500° F-oil 650° | 
$A 1750°F oil-direct 675° 
4B 1750°F 1550° F-oil 675° 
1C 1750°F 1500° F-oil 675°! 


After the second temper each specimen was cut into 
four equal parts and coded as in Table Il. The 48 coded 
mold makers for 


wlishing and evaluation. They all received one piece rep 


pleces were sent to four independent 


resenting each of the heat treatments outlined in Table 
Il. 


The polishability evaluation was not consistent in all 
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instances, but there was an area of 


best and poorest, Three polishers designated 1C as the 
best while the fourth selected 1B. All agreed that Group 
2 did not polish as well as Group I but found it difficult 
to differentiate between A, B, & C. In groups 8 and 4, it 


was also difficult to differentiate 


the individual pieces but there was unanimous agreement 


that Groups 3 and 4 represented the poorest polishability 

According to these evaluations, all specimens ea 
burized at 1600°F rated 
quenched from 1500°F 


good polishability and 


best. All specimens carburized at either 1700°R or L750°R 


were rated very low. It is significant to note that a mark 


ed degree of polishability was discernible within a ear 


burizing temperature gradient of only 100°. This would 
indicate that as the carburizing temperatures increase, 


the polishability decreases. 


Figure 1 is a cross sectional photomie rograph ofa lC 


ade from an ul 


specimen, The photomicrograph was 
polished surface adjacent to that actually polished for 
evaluation. In this manner, we can examine a surfaces 
reasonably identical to that which was presented to the 
polisher. An examination of this and all other specimen 
within Group 1 revealed that the primary cases possessed 
a uniform distribution of fine carbides to a depth of .008 
to .O10" 


of 


There were no large carbide free areas nor in 
network. None of the 
group revealed the presence of retained austenite ino the 


specimens ino thi 
matrices. A uniform hardness of 56-57 Rockwell C- across 
the surface was recorded, Because of the fine and evenly 
distributed carbides in the primary case we could expect 
molds possessing these characteristics to be polished to 
a fine finish and high luster with freedom from pull out 

Figure 2 is a cross sectional photomicrograph of a 
3A specimen. The procedure by which it was obtained ts 
similar to that outlined for Figure IT above. An examina 
tion of the primary cases of groups carburized at thi 
higher temperatures, especially Groups 8 and 4, displayed 
an uneven distribution of large carbides. It also reveal 
some carbide network between the grain boundries. Ther 
was also some evidence of retained austenite in the mat 
rices of Groups 3 and 4. It should be interesting to note 
at this point that the retained austenite was observed 
in only trace quantities. It was not as pronounced as might 
be expected from carburizing at temperatures even a 
high as 1750°F. This soft constituent had an imperceptible 
effect upon the polishability of the specimens investigated. 

Micro hardness tests disclosed the seattered carbide 
rich areas shown in Figure 2 were as much as & points 
higher in Rockwell C than the areas showing no carbide 
This fluctuation in hardness could cause a variation 
the amount of metal removed by each polishing stroke 
This would result in a series of crests and depressions 
commonly described by polishers as orange peel. 

After removing a few thousandths of an inch of sur 
face metal from the face of a mold similar to Figure 2, 
we can visualize a situation where polishing would oceut 
on a relatively large carbide rich area at 56-57 Rockwell 
C and simultaneously on an equally large carbide: free 
area only 48-49 Rockwell C. 
luster is influenced by the hardness of material being cut 


Because finish or degree of 
we can anticipate a differential in luster between the 
carbide rich areas and adjacent carbide free areas. In in 
stances where these areas are large, the differential in 
luster would produce an optical condition Known by pli 
tie molders as “shadow.” 

Figure 2 also displays some network of carbide le 


(Please turn to page t)) 


Ti one 


agreement as to the 


between the quality of 


those 


within the group were considered 


a 
‘ 
~ 
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Figure 1. These are typical guided missile components 


which are molded of plastics. 


LASTICS HAVE ACHIEVED a prominent position 
in the production of guided missiles. Their high 
strength-to-weight ratio, excellent electrical properties 
and ability to be fabricated into complex shapes make 
them highly suitable for use in the manufacture of many 
missile parts. 
In early missile designs, plastics parts were machined 
from rod and sheet stock or were laminated at low pres- 
sures on temporary tooling. As missile requirements be- 
came better known and as design of some components 
became more standardized, compression transfer 
molding techniques substantially replaced early fabrica- 
tion methods, The techniques used have evolved from the 
fabrication of polyester fiber-glass layups on_ plaster 
tooling to the present use of high-pressure molding in 
matched metal dies for large-scale production of high- 
quality parts. At the present time, experimental molds 
and molding processes are developed suitable for use in 
full-scale production in any qualified production facility. 
The adaptation of established molding methods to 
the development and manufacture of missile components 
was not accomplished without difficulty, because the 
unique and rigorous requirements applying to missile 
parts necessitated refinements in molding techniques. This 
paper outlines the techniques of compression and trans- 
fer molding currently used by the authors along with dis- 
cussions of some of the problems concerned with de- 
velopment of the processes and techniques and the man- 
ner of their solution. Comparisons will be made to the 
techniques commonly used in the plastics industry. 


Missile Part Requirements 

A guided missile is essentially a pilotless aircraft 
carrying a complex electronic system, a power supply, 
a propulsion unit, and a warhead, To accomplish its pur- 
pose it must travel at a very high speed and the elec- 
tronic system must function perfectly, providing infor- 
mation used to adjust the course with great rapidity. 
The missile must be able to operate under extremes of 
ambient temperature and after long periods of storage. 
The foremost requirement for all guided missile parts 
is, therefore, a high degree of reliability, surpassing 
that considered necessary in most other plastics parts. 
In some missile designs, very limited space is available; 
this imposes the additional requirement of miniaturization. 

Plastics missile parts may be divided into two gen- 
eral classes, structural or electrical, according to their 
primary function. All missile parts, however, must re- 


T/ irty two 


Compression 


L. B. Keller and W. R. McGlone 


Huaghe s Aircraft Co. 


sist high acceleration loads, conform to high standards 
of dimensional accuracy and stability, and have the least 
possible weight. 

Structural plastics missile components are usually 
mounted externally on the missile. Their strength prop- 
erties at operating temperatures must compete with those 
of the lighter metals, and they must have a sufficiently 
high modulus of elasticity to withstand the deflection 
and flutter of supersonic flight. They should withstand 
the erosive effects of air and rain at supersonic speeds 
and must retain strength and dimensional integrity under 
rapid aerodynamic heating to temperatures as high as 
500° F. In addition to clean, smooth aerodynamic surfaces 
some structural parts must also have good electrical 
properties during flight. Radomes are unique in that 
they must satisfy severe structural and electrical re- 
quirements. 

Most electrical missile plastics parts are mounted 
inside the missile. Because of the space and weight limi- 
tations imposed by the missile system, the parts are 
often small, precise, and of such an unusual shape that 
they are difficult to mold. These parts, generally de- 
signed to function at ambient temperatures of —65 F to 
180°F, must resist abrupt changes in temperature, hum- 
idity, and atmospheric pressure, and must also retain 
suitable properties and dimensional stability under both 
operational and storage conditions. 

Special materials and new processes are often used 
in the development of plastics parts that will meet these 
difficult requirements. It has been found that high 
quality must be the guiding principle in part development 
in order to achieve the reliability desired. Only those 
parts that have been thoroughly engineered through all 
phases of development, including part design, material 
selection and evaluation, tool design, tool 1tabrication, pro- 
cess development, and final product testing can be ex- 
pected to attain the required degree of quality and 
reliability. 


Typical Parts 

Plastics missile parts range from electrical parts 
the size of a match head to reinforced laminated struc- 
tures several feet long. Most of the small and intricate 
electrical parts are transfer molded; simple shapes or 
parts having both electrical and structural requirements 
ure usually compression molded. Large, highly-stressed 
parts are made of reinforced laminates by compression 
molding at high pressures in matched metal dies. An 
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and Transfer Molding 


Guided 


example of each of the above types is given below. 

Shown in Figure 2 is a typical transfer-molded part 
designed to serve as the holder for a wiring and con- 
tact assembly. Because of the shape and close tolerance 
dimensions required for this part, it is fabricated in a 
carefully engineered transfer mold under precisely con- 
trolled conditions. The part functions primarily as an in 
sulator and contact holder; therefore, it has to maintain 
high d-e resistivity and dimensional stability under severs 
humidity and temperature conditions. Since this part. i: 
exposed to a momentary rocket blast and must be re- 
usable several times without replacement, it was neces- 
sary that the material selected have a very short flame- 
out time in case of ignition. These requirements were all 
met by a special polyester-fiber-filled diallyl phthalate 
molding material. 

The contact plate shown in Figure 3 is an exampl 
of a compression-molded part. Although primarily elec- 
trical in function, it is required to withstand a flexural 
load of about 300 pounds, and the convex face of the part 
must withstand exposure to the air stream in flight. The 
tolerance on the locating dimension of each of the large 
number of inserts is ~0.0025 inch. The insulation resis- 
tance required between any two contacts after several 
days exposure to severe humidity cycling is 100 megohms 
minimum. 

Many precautions were taken in the manufacture 
of this part to insure dimensional, electrical, and strue- 
tural integrity. Compression-molding techniques combined 
with the use of shaped preforms provided consistently 
high strength-values. The inserts were designed to pieres 
the preforms as the mold closed, thereby minimizing flow 
patterns and improper fiber orientation (see Figure 4). 
Preforms were made from dried material and stored In 
desiceators. Just prior to molding, each preform was 
preheated either electronically or in an oven and then 
molded with a cure time of 12 minutes. Despite all these 
precautions, the glass-fiber-filled material first selected 
occasionally failed under humidity test. The material now 
used, which satisfies all requirements, is a diallyl phtha- 
late, orlon-fiber-filled molding compound, 

Most laminated plastics structures are fabricated by 
compression-molding techniques with hardened steel tool- 
ing similar in many respects to conventional Compression 
molds. The main difference between the compression mold 
ing of bulk materials and that of laminates is that in 
the molding of laminates little or no change occurs in 
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Figure 2. Typical transter-molded part showing several! close 
tolerance dimensions. 


Figure 3. Typical compression-molded part, showing preform 
inserts, molding and finished machined part. 
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Figure 4. Preform resting on pointed inserts in open mold. 
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Figure 5. Stabilizer glove—typical compression-molded lami- 
nate. 


the position of the reinforcing material, whereas in the 
molding of bulk materials both the resin and filler flow 
in the mold. 

The stabilizer glove shown in Figure 5 is a typical 
compression-molded laminate. It must consistently ex- 
hibit high flexural strength and rigidity, even though it 
is subjected to severe aerodynamic loading and heating 
(to 500°F). As an airfoil surface it must be smooth and 
resist erosion by air and rain at elevated temperatures. 
Its over-all dimensions, including thickness, are governed 
by close tolerances. The part must have fairly low mois- 
ture absorption properties in order to prevent blistering 
and delamination caused by rapid temperature rises dur- 
ing flight. Some stabilizer gloves must also act as elec- 
trical insulators. This combination of high strength, high 
modulus of elasticity, temperature resistance, dimensional 
accuracy, and fairly low moisture absorption was ex- 


pre-impregnated with high-temperature-resistant 


9,000 to 12,000 psi (based on projected area). 


tremely difficult to achieve. The stabilizer glove is cur- 
rently made from a carefully tailored layup of glass cloth, 
pheno- 
lie resin, molded in a matched steel tool at pressures of 


Materials 

With the exception of materials containing cellulose 
fillers (which are inadequate because of susceptibility to 
fungus attack) practically all types of high-grade thermo- 
setting molding materials have been used in the fabri- 
cation of missile plastics parts. Although mineral-filled 
molding compounds of melamine, phenolic, and alkyd 
appear satisfactory for electrical applications, they are 
somewhat weak and brittle. The best combination of out- 
standing 
strength has been achieved in parts molded from orlon- 
fiber-filled diallyl phthalate molding powder. Table IT com 
pares the properties of this material to those of other 


electrical properties and good mechanical 


molding compounds. The combination of suitable physical 
properties and high d-c resistivity after humidity cycling 
suggests that this material be used in fabricating con- 
nectors, terminal boards, switch rotors, slip rings, and 
other electrical parts. 

Another unique property important in electrical ap- 
plications is the ability of the molded part to withstand 
the temperatures caused by soldering. Orlon-filled dially!] 
phthalate does not crack, as do many mineral-filled ma 
terials, when soldering operations are performed on mold 
ed-in inserts. Its retention of electrical properties after 
soldering is also outstanding. 

For applications requiring high mechanical strength, 
compounds are available that contain glass fibers as 
filler. Glass fibers may be combined with resins such 
as phenolics, silicones, alkyds, and polyesters to produce 
molding materials having the strength properties shown 
in Table Il. Weak areas resulting from resin segregation 
in parts molded from these materials can be avoided by 
eliminating thin walls and barriers to flow in the mold. 
Preforming often helps to place the fibers properly and 
to distribute them more uniformly throughout the part. 

The choice of materials for reinforeed structural 
missile parts has been rather limited. The requirements 
for high strength and rigidity at temperatures as high 
as 500°F eliminate practically all of the commonly used 
materials. Only certain heat-resistant phenolic resins 
properly combined with the highest strength glass-cloth 


Insulation 
Resistance 


As Molded 


Material 


Megohms 
Orlon Fiber Filled 
ae Diallyl Phthalate 1,000,000 
i Electrical Grade 


Mineral Filled 
Phenolic 


900,000 


General Purpose 
Wood Flour 
Filled Phenolic 


19,000 


142 **Insulation resistance between 


**Soldering tests 


according to Mil-E-5272 paragraphy 4.4. 
terminals soldered with 


Insulation 
Resistance 
Immediately 
After 
Humidity 
Cycling 


Megohms 
$00,000 


15,000 


‘Data from manufacturers’ literature 
molded-in terminals separated by 0.100" of plastic 
procedure 1. 
100-watt 


TABLE | 


Insulation 
Resistance 
24 Hrs. 
After 
Humidity 
Cycling 


Megohms 
1,000,000 


200,000 


119 


Electrical Properties of Various Molding Materials 


Insulation 
Resistance 
After 


Soldering 


Ultimate 
Flexural 


Impact 


Strength 


Strength Izod Specific 
Psi Foot-Lbs. Per Gravity 
ASTM-D-790 Inch Notch 
Megohms 
900,000 11,700 1.0 1.24 
3,350 
17° Cracked 7,900 0.287 1.74" 
9,000 0.28" L.3h 


material Humidity eyele 


iron for 10 seconds. 


Thirty four 
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reinforcements have been found satisfactory, Yet, even 
these materials fail unless the strictest control is main 
tained during material manufacture and throughout the 
fabrication process. Selection of the material for struc 
tural parts is generally made only after extensive process 
development and testing of flat panels, Representative 
curves showing the flexural strength versus temperature 
of various laminates as panels are given in Figure 6. 

After a material meeting the above requirements 
has been found, further work is necessary to adapt the 
processing techniques to shaped parts. Physical values 
for high-pressure heat-resistant phenolics like the values 
shown in Figure 6 are not consistently obtained in shaped 
parts, but values of 


2.9 xX 106 psi flexural modulus at 500°F can be main 


35,000 psi flexural strength and 


tuined. These processes will be discussed further in the 
section titled “The Molding Process.” All of the com 
pounds mentioned above are commercially available in 


this country. 


Molds 


In the compression and transfer molding of thermo 
setting materials, attention to the details of mold design 
and the selection of suitable mold materials are important 
in obtaining high-quality parts. Although a part made 
in a poorly designed mold can appear adequate, it may 
be inferior in eleetrical and physical characteristics, and 
may not consistently meet dimensional requirements 

Parts machined from solid blocks of molded = ma 
terial seldom have the same characteristics as the cor 
responding moldings of the same shape. Also, temporary, 
mock-up, or shop-practice tools rarely produce parts 
equal in quality to those made in a carefully engineered 
production-type mold. Low reject factors and long-range 
economies can be achieved by the use of sufficient care 
in the design and fabrication of a mold. Our experimental 
tooling usually has the quality of production tooling; it 
is characterized by the following features: high-rigidity, 
self-contained semi-automatic operation, provision for pre 
‘ise control of molding conditions, and integral heating 
systems. 
rigidity helps en 


Special attention to mold 


sure the dimensional accuracy of the moldings. Since 


| | 
{ 
| | 


Figure 6. Flexural Strength plotted against temperature for 
several laminates 


the molded shapes are often complex and the mold cavity 
may be pierced by many pins, it is essential that ade 
quate support be provided in order to prevent undue cd 
formation of the mold under pressure, Heavy mold plates 
are used and unsupported areas are kept to minimum 
When wide ejector 


pillars are provided. A stress 


plates are necessary, supporting 
analysis is made if there 
is any doubt of the ability of a proposed construction 
to withstand the loads. Stress analyses are particularly 
important in the construction of compression molds for 
laminates (Fig. 7). Extreme lateral thrusts may occur in 
the punch and, cavity due to the uneven loading of the 
mold by a wrinkled preform or beeause of too highly 
advanced material. 

Another reason for emphasizing rigidity) in’ mold 
construction is that the position of inserts, cores, and 
pins operated by the ejection system often defines pre 
cise dimensions in the part. The mold base must be ia 
curately and rigidly constructed because it acts as 
cradle and guide for the ejector system. In order tor 


TABLE II 


Physical Properties of Glass-Filled Molding Compounds 


Flexural Strength 


Flexural Modulus 


Impact Strength Tensile 


Specrfe 


Psi Psi’ Izod. Strength Gravity 
Room Temp. 500° F Room Temp. DOO Kt. Lb. inch Notch si 
Glass Fiber-Filled 1? 
21500 os \.12 6000-10000 20) 
Alkyd wn 
Glass Fiber-Filled 
28,000 x 12-24 1. 
Polyester 
Glass Fiber-Filled 
10,000 16 x 10° SO x 10 15 1400 1.65 
Silicone ’ 
Glass Fiber-Filled 
25,000 20,000 2.9 x 10 19 x R15 1? 000 1.0 
Phenolic 
Glass Fiber-Filled 
Triallyl Cyanurate 21.000 1.75 x 10¢ “Ox 10 [2-24 18 
Polyester 
Glass Fiber-Filled 
Diallyl Phthalat loo x 1700) 1.6 
Flexural tests made at HAC on !. x bar using ASTM method D-790 All other value ine Prom) 


facturers’ literature, 


SPE JOURNAL, April, 1956 


Thirty five 


— 
PRESSURE (800 FS!) MEAT 
oe 
comet Lal 
| 
@0,000 ~~ | 
/ 
oo too soo soe 
a 
3 
| 
{ 
7. 


Figure 7. Flexural strength versus pre-day time for various 
cavities of terminal board mold 


t bending, ejector bars are built unusually thick and 


ire designed to have as short a span as possible. 
Stripping loads are sometimes high and often com- 
parable to the molding loads. In one mold the ejector 
ystem must operate almost 60° pins it both the upper 
and lower mold seetior The lower pins hold the inserts 


and eject the part; the upper pins clamp the inserts and 
clean out flash in the upper holes, The ejector plate was 
built sufficiently thick to resist bending under the high 
tripping load, because minor defleetions would cause 
galling and binding of the ejector pins. The plate is “— 
haped and has four actuator rods to provide even opera 
tion without tilting 

The effeet of rigidity mold construction illus- 


trated by the following example. Terminal boards made 


from a standard mineral-filled material were failing in 
operation due to low insulation resistance, The four 
cavity semi-positive compression mold used in making 
these board vas investigated to determine whether the 


material or some other factor was the reason for failure. 
\ direct correlation was found between the averages of 
nsulation resistance and flexural breaking loads over a 
ide range of molding conditions, although a fairly large 
pread existed in the data for any given set of conditions. 
The average of the flexural strength characteristics of 
parts from the two outside cavities and the average of 
wse characteristies for parts from the two inside cavities 
vere plotted against predry time; these curves are shown 
in Figure 7. Examination of the mold revealed that the 
two inside cavitt vere vell supported but that the out 
ide cavities were deflecting in a manner that prevented 
the application of effective pressure on the molding ma 
terial. It was found that adequate parts could be molded 


if the material was predried and if a rather long cure 
t e Was used 
Semi-nutomatie molds rather than hand-operated 


nolds are used because of their superior temperature con 


trol and because they eliminate the probability of damage 
to the mold ind moldings that is often caused by hand 
ejection Ejector ysten are integral with the mold 


Figure 8 Open roter switch mold and emerging part 


i 


construction. The opening motion of the press ejects the 
parts; no outside operating mechanism is required. Molds 
of this design will fit and operate in any press having 
sufficient daylight and stroke. Once the mold is clamped 
in place, it is ready to operate; this minimizes mold 
handling and installation time. As stated before, critical 
dimensions may depend upon the accurate positioning of 
the ejector bar; a press-operated ejector system intro- 
duces errors by requiring additional parts and adjust 
ments. Another advantage of an integral ejection system 
is its greater rigidity due to the reduced span length of 
the ejector bars. Initial return of ejection systems may 
be caused by a pushback incorporated into the ejector 
operating rod, but the final location is always determined 
by pushback pins operated from the landing surface of 
the mold, 

All molds have built-in standard thermocouple wells 
at strategic points within the mold. These fittings may 
be attached to intermittent or continuous recording pyro- 
meters so that accurate temperature measurements are 
available. When precise control of temperature is neces 
sury, the built-in thermocouples act as sensing units in 
automatic mold temperature-control systems. To reduce 
variations in temperature due to heat loss, some molds 
are also thermally insulated. 

Another important aid used in maintaining accurate 
mold-temperature control is an integral heating system. 
During mold design, a study is made of the steam-core 
layout to prevent hot or cold spots from developing in 
the mold. A large heat-transfer area is obtained by the 
use of many steam cores. A variation of 75 F or less is 
maintained on most molds. 

In the compression molding of laminates it Is often 
necessary to halt temporarily the closing motion of the 
mold at an exact distance (a few thousandths of an inch) 
from complete closing to lands, in order to permit the 
release of volatiles and to advance the resin to the de 
sired condition of flow. A dial indicator is mounted on 
the press to measure the distance from closure. If an 
automatic cycling press is used, the indicator is helpful 
in setting and maintaining this pre-squeeze or “kiss” 
distance. 

The inflexible and complex design requirements of 
many small missile parts present a challenge to the mold 
designer; the mold illustrated in Figure & required nine 
radially operated cores, These cores were all cam op- 
erated; the final core location was determined by a sec- 
ond positive cam in order to meet the required close tol 
erances. Great precision is also necessary in the con 
struction of molds for laminates. 

In laminates molded from fiberglass cloth, the amount 
of filler at any given point is a funetion of the layup, The 
resin-to-glass ratio in the final part depends on the 
amount of resin eliminated during molding. If the mold 
fails to close to the correct distance, insufficient resin will 
be eliminated by flow and the part will be resin rich. If 
the distance between cavity and puneh is too small, the 
laminate will be resin starved. In either case the part 
may be low in strength ana flexural modulus. The graph 
of resin content versus flexural strength, Figure 9, shows 
that resin content can be a very critical factor. 

In other respects, we follow commonly used prin- 
ciples of mold design. The cross-sections of transfer 
sprues and gates are made large for molding fiber-filled 
materials in order to prevent breakage or segregation of 
the fibers. Most compression molds are of the semi-pos} 
tive type in order to obtain effective pressure on the ma 
terial without the need for an exact weighing of the 
charge. Special attention is paid to land areas because, 
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if they are too large, excessive flashing may oecur unless 


extremely high clamping loads are used. On the othe? 


hand, lands that are too narrow tend to ch p and other 
wise fail from high bearing pressures. Cavities are usually 
built of commercially available high-grade tool steel. 
They are heat treated to give a tough inner core and a 
very hard outer surface. In the design of all n olds, star 

ard retainer plates, mold plates, pins, and ejector bars 


re used wherever possible. 


The Molding Process 


The material properties given in manufacturers’ lit 
erature represent values that are easily obtainable in 
standard test-specimen molds with routine molding tech 
niques, Optimum molding conditions and specially de 
signed test molds will often produce an apparent up 
grading of the materials. In production parts of complex 
shape it is difficult even to equal the manufacturer's test 
specimen values, so that the part may fail to meet the 
designer’s expectations unless the optimum molding pro- 
cess is used. Since parts are usually designed from stan 
dard test-specimen data, it is imperative, in critical ap 
plications, to seek the optimum molding process for a 
part. 

In the development of missile plastics parts, the 
molding conditions that produce the most desirable prop 
erties ina molding are developed hry the use of planned 
molding programs. A series of parts is made under care 
fully controlled conditions and by varying molding para 
meters such as temperature, cure time, and pressure 
Test programs are. statistically planned order that 
data may be obtained from the optimum number of speci 
mens of each type. Critical tests on the moldings reveal 
the process that will produce the best combination of 
strength, electrical properties and dimensional accuracy 
in relation to cost. Depending on the material and on the 
nature and operating requirements of the part, the con 
trolled molding program may be either limited or very 
extensive. Experience derived from similar parts is very 
helpful in determining the scope of the program and the 
range of parameters. Equivalent) production parts car 
be reproduced if the process developed is one that can 
vw duplicated and if the material is consistent from bateh 
batch. 
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Molding Shrinkage of Various Materials 


Material 

Range of Molding Shrinkage : 

(From HAC Tests) 

Inches Per Inch 
Recommended Mold ny Shrinkage Factor SOHO 
for Curetime and Temperature indicated FOR 
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Figure 9. Flexural strength versus resin content of heat- 
resistant phenolic laminate. 


Figure 10. Molding shrinkage versus molding temperature 
versus cure time of Orlon-fiber-filled diallyl phthalate mold- 
ing compound. 
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graph shows the maximum and minimum sized parts 
obtained (from as many as 25 parts) at any given mold- 
ing temperature. Controlled molding and the measure- 
ment of the resulting parts proved that the material was 
remarkably consistent in shrinkage for any given set of 
molding conditions. Dimensional rejects in this case were 
directly traced to insufficient process control and faulty 
mold construction. 

Accurate knowledge of the effect of molding condi 
tions on the dimensions of a part not only makes possible 
the establishment of adequate process control but also 
is an excellent tool for gauging the uniformity of material 
from bateh to bateh. When there are variations in the 
characteristics of the material, it is usually possible to 
bring the part within tolerance by adjustment of the 
molding process 

The electrical characteristics of many molded parts 
can be improved by a proper choice of processing con- 
ditions. After humidity cycling, the d-e resistivity of in 
sufficiently cured parts is likely to be erratic. Predrying 
at temperatures from 120° to 170°F is often particularly 
helpful (see Figure 13). The predrying of molding ma 
terial intended for critical missile electrical parts is 
standard procedure. The improved insulation resistance 
of the material is probably due to the removal of volatiles, 
including moisture, prior to molding and to a stiffening 
or decrease in flow of the material, Although the use of 
stiffer material usually results in decreased porosity in 
a part, the use of such material is, of course, limited in 
practice by its inability to fill out cavity details. 


Strength Characteristics 

The strength characteristics of molded parts also 
vary with process conditions (see Figure 7). Adequate 
cure is a necessity; undercure, and in some cases overcure, 
result in loss of strength. Most thermosetting resins com 
bined with mineral or glass fillers are difficult to over 
cure, but organic fiber-filled compounds may suffer re 
duced strengths due to elevated cure temperature or eX 
cessive cure time, Figure 14 illustrates the effect of mold 
ing temperature on the ultimate breaking load of a nylon 
flock-filled phenolic part. Extended cure time also tended 
to reduce the strength of this part. 

In the compression molding of bulk materials, the 
resin and filler should flow as a single phase in the mold, 
and the resin content of the finished molding should be 
almost identical with that of the uncured molding powder. 
In laminates, however, it is necessary to eliminate a 
portion of the resin by flow from the cavity without ex 
cessive disturbance of the glass reinforcement. The amount 
and the duration of flow of resin is a most critical factor 
in the production of high-strength temperature-resistant 
structures. 

The fabrication of temperature-resistant laminated 
structures is deseribed as compression molding because 
high pressures and fixed cavity volumes are used. In ad- 
dition to the system of variables involved in conventional 
compression molding, several other factors must be recog 
nized and controlled. 

The material used is standard glass cloth impreg 
nated with heat-resistant phenolic resin. During impreg 
nation the resin is advanced to the “B” stage, resulting 
in a fairly stiff, dry product. The material is controlled 
by the impregnator for resin content, volatile content, and 
greenness or degree of advancement. Nevertheless, the 
material is tested as received in order to insure uniform 
ity. This material is easy to cut and to lay-up flat, but it 


must be warmed in order to preform tt into more com 
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Figure 13. Breaking load versus molding temperature for 
relay clamp. 


plex shapes. Layups generally are made oversize and, 
in molding, the excess layup is cut off in the punch and 
cavity. This is accomplished by a combination of lands 
and pinch-offs. All the molds close to fixed lands which, 
in combination with the pinch-offs, provides a fixed cavity 
volume. 

Before molding, the material is often dried to re 
move volatiles and advance the resin to the most suitabl 
state for molding. Before the application of pressure, 
it is often necessary to preheat (or “kiss”) the material 
in the mold. The mold temperature, the “kiss” distance, 
“kiss” time, and speed of closing from the “kiss” position 
all affeet the qualities of the resulting part. Cure time is 
less critical since the parts are invariably given a drastic 
posteure cycle. 

To recapitulate, some of the variables that must be 
controlled in the compression molding of laminated strue 
tures are: 

a. Resin content of raw material, 

b. Volatile content of raw material 
ce. Greenness of raw material 

d. Preforming temperature and time 
e. Predrying temperature and time 
f. “Kiss” time and distance 

g. Speed of closing 

h. Mold temperature 

i. Cure time 

j. Posteuring schedule 

Despite its complexity, this technique is well adapted 
to the production of high-quality laminated structures of 
fairly simple shape. Cure times are short, comparable to 
normal compression-molding cycles, porosity is low, due 
to high pressures; the parts are dimensionally accurate 
because rigid landed molds are used. Pressures normally 
vary from 400 to L000 psi, based on the projected area 
of the cavity; however, pressures of as high as 20,000 
psi are sometimes used. 

The suceess of this high-pressure laminating tech 
nique depends almost entire ly on process control and on 
a knowledge of how changes in conditions affeet a part. 
Adequate parts will not be produced unless the proper 
conditions of resin flow have occurred in the mold and 
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Figure 14. D-C resistivity versus pre-dry time for terminal 


board. 


the resin content of the parts is in the correct range (see 
Figure 9). Very porous parts may result from insufficient 
or too much “kiss” time, improper resin” viscosity, in 


correct layup, and many other factors. 


Conclusion 

By the proper use of the techniques deseribed in 
this paper, compression and transfer molding have been 
successfully applied in the fabrication of missile parts 
meeting extremely rigorous requirements. Some of the 
methods employed may be extended to other fields as 
requirements become more severe, Before plasties ean 
completely fulfill their promise as engineering materials, 
a better understanding of the molding processes must 
be gained, new and improved materials must be developed, 
and the application of accurately controlled processing 


must be more universally adopted. 


Polishability of Mold Steels . . . 


(Continued from page 31) 


tween the grain boundries. The influence of carbide net 
work on polishability has not been fully determined by 
this work. There are reasons to believe that it) would 
facilitate “pull out” in the form of carbide particles, “Pull 
out” of this type can be distinquished by a characteristic 
seratch or tail emanating from the void and is not to be 
confused with the “pull out” of non-metallies referred to 
by the steel maker as pits. 

It would be erroneous to assume that ununiform dis 
tribution of carbides, variations in hardness, and network 
are the only conditions responsible for orange peel, shad 
ow, or “pull out.” It must be concluded that they are 
strong influencing factors. The degree to which they in 
fluence polishability can be eliminated by carburizing 
steels of the type investigated at 1600°R and quenching 
from 1500°F to 1550°F. 
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Calculation of Roll Forces .. . 


(Continued from page 19) 
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material balance between these points must give the re- 


sult that h h,. It is assumed in this that the material 


is neither compressible nor has the ability to recover 


deformation. 
Ardichvili’s analysis, furthermore, yields the result 
that h, is 4.3 h.. Therefore, the assumption that 


hz hy 4/3 h (6) 


has theoretical basis, and the value for h. has been ex- 
perimentally confirmed for vinyl material. 

Using the value of h, given by (6) Ardichvili ar- 
rived at the following expression for the pressure distribu- 
tion: 


Fortu 


where P is the gage pressure, 1 is the viscosity of the 
material, and the other symbols have the significance in- 


dicated in Figure 5. 
It can be shown that 


x 2r (h 2 (h 4 (8) 


Neglecting the last term and solving for x, one has the 
approximation that 


x [(r (h ] (9) 
or for h in terms of x, 
h (x? + rhe)/r (10) 


Substituting (10) into (7) and integrating over the limits 
x o and x X, where X is the value of x at h H, 
one obtains an expression for the force per unit length 
of roll. Substituting back into terms of h by (9), Equation 
(1) is obtained. This is the basis for the method of force 
calculation, and the results reported here show satisfac- 
tory agreement between calculated and measured values. 

In order to use Figures 1 and 2 to obtain the ap- 
parent viscosity appropriate to the particular rolling pro- 
cess being examined, the apparent shear rate and shear- 
time number for the rolling process must be known. 
These are derived from Ardichvili’s equations. His ex- 
pression for the change in pressure with x is 


dp dx 12 yn V (Lh h, (11) 


It may be shown, also, that (1), (3) 
dp dx dt dy (12) 


Combining (11) and (12), for any given value of x the 
result is 


dt yn V (1h hy dy (13) 


Therefore 
T l2yn Vy (lh hi/h*) (14) 


where the constant of integration has been dropped be- 
cause T oat y o. Equation (14) will have a maxi- 


mum Value at the roll surface where y h/2. That is 


tT(sub w) 6 V hi/h-) (15) 


from which the maximum shear rate, S(subw), with re- 
spect to y, is determined. Thus 


S(sub w) tT(sub w) 6V (lh hh?) (16) 


This will have its maximum with respect to the x axis 
at the nip where h h.. Combining this with (6) yields 


S 2 V/h (17) 


The scalar magnitude of the maximum shear rate, there- 
fore, is 2V-h. This will correspond to the shear rate 
at which apparent viscosity is determined by the capillary 
flow method and may be used to read apparent viscosity 
from Figure 1. 

As has been shown, the apparent viscosity is re- 
lated to another quantity, namely, the time under shear, 
t(subs). An average value is used which is estimated 
from the volume rate of transfer of material through 
the rolls. The velocity of the roll may be taken as an 
approximation for the average rate of transfer. The dis- 
tance traversed while under shear is approximated as the 
distance between h, and h:.. With these approximations 
and Equation (6) it is evident that 

(Please turn to page 60) 
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Opportunity materials— 


Cyanamid Plasti 


and Resins 


FIRST ALL-PLASTIC AEROSOL is 
marketing news! At last—a spray dispenser 
with the beauty of quality plastic: Cymel* 
Melamine Molding Compound! It offers 
new design possibilities in unlimited colors 
..- feels warm and pleasant in the hand... 
resists breakage and corrosion. Here’s a 
smart packaging opportunity for many 
marketers of aerosols! 


THE MODERN, SAFE LOOK in wiring 
devices —ivory-colored BretLe® urea plas- 
tic. Lighter and more cheerful than old- 
fashioned dark colors and safe, too! Look 
for the UL seal. BEETLE is rugged, hard, 
and resists heat and discoloration. If you 
make, sell or buy current-carrying devices, 
be sure they're adequate for safe wiring. 
Be sure they're Beetle! 


*Trodemark 


Come to Cyanamid for thermosetting plastics (melamines, 
ureas, polyesters)...resin adhesives...resins for surface 


coatings. 


OFFICES IN: 


Boston * Charlotte * Chicago ® Cincinnati * Cleveland * Dallas * Detroit 
Los Angeles * New York * Oakland * Philadelphia * St. Louis * Seattle 


IN CANADA: 


North American Cyanamid Limited, Toronto and Montreal 


CS 


NOR SNOW, NOR RAIN, NOR HEAT 
...will spoil the gleaming beauty of a mel- 
amine resin baked finish. Gloss, weather 
resistance and mar resistance combine to 
make melamine finishes first choice for 
automobiles...for household appliances 
and industrial equipment, too. Look to 
Cyanamid —the leader in melamines — as 
your source of supply. 


NEW MATERIAL FOR PRODUCT 
DESIGN...low-cost, easy-molding Pre-mix 
compounds of LamMinaAc® Polyester Resin 
and fibrous glass. The LAMINAC pre-mix 
lightning arrester caps (right) used on 
telephone lines, for example, weigh 84% 
less than former ceramic counterparts 
(left) and provide much greater impact 
strength. Pre-mix polyester can cut costs, 
simplify production, reduce maintenance 
and replacement. 


32D Rockefeller Plaza, New York 20, N.Y. 
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your DETERGENTS SCRUB better 


your ALCOHOLS FRU B better 
when formulated with Enjay Lower Alcohols 


Ethyl Alcohol for detergents or Isopropyl Alcohol for rubbing—order from the 
Enjay Company, one of the world’s foremost suppliers of alcohols. You are 
assured of a dependable supply of uniform, high quality products. 


In addition, the Enjay Laboratories are at your service to assist you in the use 
and application of all products from Enjay’s diversified line of petrochemicals. 


Write or call for complete information. 


Enjay offers a diversified line of petrochemicals for industry. LOWER ALCOHOLS 


(Isopropyl Alcohol, Ethyl Alcohol, Secondary Butyl Alcohol); HIGHER OXO ALCOHOLS Pioneer in 
(Isooctyl, Decyl, Tridecyl Alcohol); and a varied line of OLEFINS AND DIOLEFINS, ‘ 
AROMATICS, KETONES AND SOLVENTS. Petrochemicals 


ENJAY COMPANY, INC., 15 WEST Sist STREET, NEW YORK 19, N. Y. - Other offices: Akron, Boston, Chicago, Tulsa 
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The State of the Society 


Frank W. Reinhart 


Preside nt, ty of Pla fics Engine ers, Ine.. 1955 


Chief, Organic Plasties Division 


National DRureau of Standard 


This article is the text of the address given by 
retiring President Frank Reinhart on the occasion 
of the Banquet at the Annual Technical Conference 


Hk SOCLETY OF PLASTICS ENGINEERS has grown 
ind developed to the extent that it is no longer a 
fhedgling, We have emerged from adolescence into adult- 
od young, vigorous, ready to take our place beside 
uur older brethern engineering societies, This development 
been obtained through the blood, sweat, and tears of 
iny members of our society, There have been disagree- 
ments, arguments, frustrations, disappointments, and 
problems of many kinds, but there have also been joys, 
fellowship, and solace in working with our fellow plastics 
engineers for a worthwhile cause. We have all had to 
ve and take and submerge our individual prides and 
mbitions, Probably no one individual feels that as a 
ociety we have always done the right thing. However, 
nee we are a democratic body we have always tried to 
follow the will of the majority. Your officers and com- 
mitteemen have backed these decisions of the majority 
even when they personally would have preferred another 
decision. | know this has happened often in the last two 
rs, during which time it has been my privilege to serve 
your National Secretary and National President. 


ven 


Our society has become so large that it is difficult 

f not impossible for most members to become acquainted 

th all its problems and ramifications. Therefore, the 
National Council informally requested that the outgoing 
resident present a message on the state of the society 
it the Annual Technical Conference each January, I am 
the guinea pig for this experiment. 

The purpose of this message is to acquaint you with 
the accomplishments during the past year and with the 
problems that still face us. If done properly, this should 
erve to orient you with respect to some of the work that 

thead. It is hoped in this manner to make our opera- 


" moother and more efficient. 


of the Society of Plastics Engineers, held last Jan- 
uary in Cleveland. 


Membership 


The Society of Plastics Engineers is an organization 
of individuals; each man represents himself. It is an or- 
ganization that endeavors to help each member maintain 
his dignity and freedom of thought in the development 
of his profession and his talents. Our members are the 
most important part of our society. Consequently, mem- 
bership has been chosen as the first item of major im- 
portance in this message to you. 

The membership on December 31, 1952 was about 
2,100. On this same day in 1953, the membership was 
about 2,600, in 1954 it was about 3,200 and in 1955 it was 
about 4,300. As of tonight the membership roster and 
applications being processed totals 4,766, The increases 
in membership are 20 percent in 1953, 25 percent in 1954, 
and 30 percent in 1955, 

On December 31, 1952, there were 30 sections. Four 
of these have fallen by the wayside and ten sections 
have been added since 1952. Thus, we now have 36 vig- 
orous growing sections. Discussions are underway with 
various groups concerning the formation of seven more 
sections. The National Council has developed an evaluat- 
ing procedure so that sections will not be formed unless 
they have the strength to survive and the potential to 


grow, 


Finances 


Any organization has expenses and consequently 
must have an income to pay these expenses. Finances are 
thus an important part of our life blood. All members 
realize this since we all pay dues and discuss “what do 
we get for our money.” Your officers and directors know 
it, too, because they not only pay dues but they are con- 
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stantly spending time and more of their own funds trying 
to get the members more for their money 

Some figures may be of interest. On June 30, 1992 
the close of the fiseal vear, We had a net worth of about 
$2500. On the same day in 1953, the net worth w out 
S5500, in 1954 it was about S11.000 and " 1955 it was 
ibout $12,000, 

Our expenses for the fiscal year closing June 30 
1952 were about $22,000. For the fiscal year 1958 the ex 


about $32 
for 


penses were O00, for 1954 


£46,000, and 


mated that 


they Wore 


about S61L.000, 


1955 they were 


expenses the fl 


our 

exceed $S0O,000. In the past three veaurs expenses have 
quadrupled and our membership has doubled. 

During the past two vears, your officers and Na 

tional Committeemen have been studying ways and means 

of increasing our income so that our activities could be 


could 


expanded and so that our ever increasing expenses 
be met. Many of these means have been idopte d and have 
helped. However, the additional income has not been suf 
ficient to warrant the modest expansion of our activities 
that many believe to be necessary. 
SPE Journal 

A review of the back issues of the SPE Journal 
shows an increase in the number of pages printed each 
year and in the quality of the articles printed since 1952 
During the fiseal year 1952 the SPE Journal issued 276 
pages; in 1953, 446 pages: and in 1955, 496 page 


During the past year, Council, the P 


lications Committee and the Editor reviewed the prob 
lems involved, made detailed plans to swing vain to 
newer heights, and these pla e being put into opera 


tion during 1956. We have engaged a professional ageney 


to handle our advertising nd to give consulting Avice 
on other aspects of the Journal. In addition the SPE 
Journal will have 12 issu for the calendar year begin 
ning in 1956 and we expect to issue about 800 pages, an 
increase of over 60 percent. 
Education 
Through the efforts of the National Edueatien Cor 

mittee and the activities of some seetions, advances in 
furthering education in plastics engineering have beet 


made steadily. During 1955 this pace Was accelerated and 
the results be 


future. coneerned 


in 
th 


dards for plastics engineers are being 


will presented publ eations mn 


Problems Wi registration and. st: 


studied. 


Professional Activities 
Th 

1954. 
quite active from time 
In 1954, the 


Was reorga 


professional activities of our society were 
the National 
to time; othe) 


National Professi 


expanded 


Spotty 


until Some sections na 


rroup were 
did littl 
Activit ‘ 


il 
This 


or nothing, oF 


zed and 


Committee 


tion resulted in much increased endeavor. The activitie 

were organized so as not to compete with other group 
already underway but along new and different lines 
Cooperation with other group vas stressed. Th in 
creased activity cont nued through 1955 and h re ilted 
in the initintion of aetual work or erie of detailed 
engineering books on specific pl es of plastic The work 
on one of these volumes is well underway. A litth ork 
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Constitution and By-Laws 


During 1955, some parts of tl by ‘ 
nd work initiated on re 
An over nd b ‘ 
nlv of rity tu na \ 
Meetings 
\ group has been work develop 
plans for handling nati tee Mi 
being considered to | ! il 
nnunl technical conterence eventually | \ 
National Office. A series of ( 
nical subjeets wi planned. The first expe 
posium on plastics packaging ld the 
York Section a few nth . Two 
pian d. 
National Council 
The responsibilitic of the Nat Couns 
vrown with the growth of the society. It bes 
in the latter part of 1954 that a body rere 
National Council could not handle ll the det ed 
in one day each quarte) Durit 
responsibility Ww placed on the National Committ 
to study detail and make positive ree enadsat 
iction to the National Couneil t ether | 1 
of the points for and against tl ren menadat | 
method of operation | beet ery { It 
made it possible for the National Coun to ¢ 
their business in reasonable time and te ‘ ile 
tion to further planning nd development 
Executive Committee 
The of the Executive Co Lane 
varied from time to time In the | t I ! { 
been used as an agenda review board to help 
ments prior to meetings of the National Coun ne 
been very helpful. However, this is not the most effect 
use of thi body. It could probably nN ‘ 
vantage to handle some of the affairs that the N ‘ 
Council now handle provided that the N ol ( rT 
delegates the authority in each case 
During L955 we long trick ! 
society and in improving our operation It re ed t 
this has been true every year for the past several 
The cine will occur next year under out ‘ pl ale 
Our past advances have resulted from the combined 
of many of our member ike e the extent of i 
vVancement in the future will depend large ol ¢ 
bined effort ot many. Without the 
oul uchievement would hive bee! Let i 
tinue to give our new office the fine help and « yy 
tion you gave the past office: o that en cont 
to develop further 
I wish to thank my fellow 1955 office: t | by 
ol the 1955 National Ce une il, the member { 
Committe and the member it large for the 
encouragement you guve rie It | 


an honor to ser 


Vou. 
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Boron Polymers 


Research in the fields of boron 
polymers, high-temperature resistant 
copolymers, and methods of curing 
glass-cloth reinforced laminates. at 
roon temperature are deseribed in 
three Air Force studies just released 
to industry by the Office of Tech- 

cal Services, U, S. Department of 
Commerce. These are; 

RESEARCH ON BORON POLY- 
MERS, Part II, Polymer Studies. Rut- 
gers University for Wright Air De- 
velopment Center, U. S. Air Force. 
May 1955. 85 pages. (Order PB 111- 
892 from OTS, U. S. Department of 
Commerce, Washington 25, price 
2.20) 

RESEARCH ON THE PREPARA- 
TION AND PROPERTIES OF HIGH- 
TEMPERATURE RESISTANT CO- 
POLYMERS. George Washington 
Carver Foundation for Wright Air 
Development Center, U. S. Air Force. 
May 1954, 28 pages. (Order PB 111- 
765 from OTS, U. S. Department of 
Commerce, Washington 25, price 75 
cents.) 

CURING OF VOID-FREE GLASS- 
CLOTH - REINFORCED LAMI- 
NATES AT ROOM TEMPERATURE, 
Forest Vroduets Laboratory, U.S. 
Department of Agriculture, for 
Wright Air Development Center, U 
S. Air Foree, Mar. 1955. 35 pages. 
(Order PB 111823 from OTS, U. S. 
Department of Commerce, Washing- 
ton 25, price S1.) 


Fluorocarbon Coatings 


Two classes of fluorocarbon coat- 
ings, whose properties single them 
out for use under the most severe 
chemical, electrical and physical con- 
ditions, are discussed in a new, 8- 
page report, “Fluoreecarbon Disper- 
sion Coatings.” 

The report compares, for the first 
time, detailed technical data on poly- 
tetrufluoroethylene (Teflon) and poly- 
monochlorotrifluoroethylene (Kel - F, 
Polyfluoron and Fluorothene) coat- 
ing materials and their resultant 
“baked-on” protective films. 

“Fluorocarbon Dispersion Coatings” 
by Gene Bartezak provides informa- 
tion available on specifications and 
properties of “primer” and “finish” 
dispersions formulated, their hand- 
ling, and types of application equip- 
ment required. Materials which can 
be coated, recommended techniques of 
application and “curing” for optimum 


‘ort ir 


ndustrial 


iterature | 


results are also discussed. Physical, 
chemical resistance and electrical 
properties of finished, fused films are 
presented, together with recommend- 
ed coating thicknesses for typical 
anti-hesive, thermal, anti-corrosion, 
electrical and other applications. 

Copies of “Fluorocarbon Dispersion 
Coatings” may be obtained by writ- 
ing to Gene Bartezak Association, 119 
Soifer Avenue, North Bellmore, L. L., 

Automatic Deflashing 


Automatie pellet deflashing of 


thermoset molded plastics and lami- 
nated plastics is treated in a new 
piece of literature available from 
Wheelabrator Corporation, 1258 South 
Byrkit Street, Mishawaka, Indiana. 
Four illustrated case histories are 
presented, showing how the = auto- 
matic pellet deflashing process works, 
some typical parts from the range cf 
work done by this process, and some 
performance rates. Savings obtained 
due to the adoption of automatic de- 
flashing are also presented. 


Kel-F Elastomer 


The properties, applications, com- 
pounding, vuleanization, fabri- 
cation of KEL-F Elastomer—a fluoro- 
carbon rubber with outstanding re- 
sistance to heat and corrosion form 
the subject matter of new companion 
brochures published by The M. W. 
Kellogg Company. 

The first of the booklets, 16 pages, 
is designed for those who might use 
or specify the elastomer, which is 
supplied to industry in two grades 
of gum, differing in processing char- 
acteristics and vuleanizate properties. 
This brochure is devoted primarily to 
the gum characteristics and proper- 
ties of the resulting vuleanizates, in- 
cluding physicals, thermal stability, 
water absorption, gas permeability, 
low temperature behavior, electrical 
values, and chemical resistance. 

Copies of these brochures are avail- 
able from The M. W. Kellogg Com- 
pany, Chemical Manufacturing Divi- 
sion, P.O. Box 469, Jersey City 3, N. 
J. 

Lucite for Lighting 


A brochure is available concerned 
with the properties of “Lucite” acry- 
lie resin and the applications which 
are being found for it in the field 
of lighting. Much of the data it con- 
tains is being released for the first 
time. 


Gering Products, Ine., Kenilworth, 
New Jersey “Pioneers in Modern 
Plastics for over 30 Years” have just 
announced that they will market a 
new extruded Polyethylene moisture- 
vapor barrier film, called GER-PAK, 
through building supply wholesalers, 

light and heavy construction fields. 

The new moisture-vapor barrier 
film which is available in widths up 
to 20 feet; and wound on rolls of 100 
linear feet or more, in thicknesses of 
002”, 004” and .006” and heavier, is 
available in two colors, Black and 
Transparent. Complete details and 
free samples on request. 


Moly-filled Nylon 


A “moly” filled nylon molding pow- 
der, trademarked NYLATRON. GS, 
is deseribed in a new bulletin avail- 
able from National Polymer Products, 
Inc., Reading, Penna. 

The bulletin explains how the field 
for molded nylon applications is ex- 
panded due to the superior wear and 
frictional properties of NYLATRON 
GS, along with its resistance to heat 
distortion and expansion, Test data 
is included. 

The compound powders are report- 
ed to be readily moldable in equip- 
ment used for standard types of 
nylon. 


Petrothene Resins 


A revised edition of the brochure 
“PETROTHENE (R)_ Polyethylene 
Resins” is now available from U. S. 
Industrial Chemicals Co., Division of 
National Distillers Products Corp- 
oration, 99 Park Avenue, New York 
16, N. Y. 

In addition to the information con- 
tained in the original edition on 
general polyethylene properties, 
method of manufacture, uses, meth- 
ods of processing and fabrication 
the new brochure includes tables on: 
properties of the PETROTHENE 100 
and 200 series resins; formulations of 
PETROTHENE 300 series electrical 
grade resins; typical electrical, ther- 
mal, chemical resistance and film per- 
meability properties of polyethylene. 


Material Compatibilities 


The largest, most comprehensive 
list showing compatibility or non- 
compatibility of reagents to such 
thermoplastic materials as polyethyl- 
ene, non-plasticized polyvinyl chlor- 
ide, high impact polyvinyl chloride, 
and high tensile high temperature 
polyethylene, has been developed in 
booklet form by the American Agile 
Corporation, Maple Heights, (Cleve- 
land) Ohio. 

Copies of the free literature may 
be obtained from the American Agile 
Coropration, P. O. Box 168, Bedford, 
Ohio. 
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THE 


INJECTION 


molderscope 


By A. R. Morse 
President, Injection Molder’s Supply Co. 


The Injection Molderscope solicits 
articles on any phase of injection 
molding from anyone who has ideas 
they want aired. We want stimulating 
articles and comments from anyone 
that can be adapted for publication. 
So let us hear from you — on ma- 
chinery, on powders, on molds — it is 
your chance to be heard. 


Injection Molding of 
Polyethylene 


The foregoing articles have dis- 
cussed some of the problems encoun- 
tered in molding polyethylene. Many 
molders familiar only with the older 
low melt index materials may have 
wondered what this series of articles 
was all about, because no distinction 
was made between grades of poly- 
ethylene. Actually, a discussion of the 
effect of the various melt indexes and 
varying material densities of poly- 
ethylene on molding was postponed in 
the hope that one of the material 
companies could be persuaded to con- 
tribute a column on the subject, but 
we could not get it cleared by “legal,” 
so I'll bumble thru it myself. 

You can no longer consider poly- 
ethylene as one homogeneous material 
type. It is now available in a wide 
range of what we might call flow 
properties, ranging from soft to hard, 
ina general way only, analagous to the 
range of flows between say an S-4 and 
un H-4 acetate. With a low melt in- 
dex of between 8-10 and thereunder, 
your material is somewhat tougher to 
mold, requires more heat and pres 


sure, and does not decompose so easily 
during molding. It also has a duller 
finish and requires a_ hotter mold 
temperature which of course bespenks 
a longer cycle. It is slightly less flex 
ible, but only relatively so; and it is 
somewhat tougher and resists stress 
cracking, 

With a high melt 
such as has found wide acceptance in 
the mid-west molding area you get 
better, glossier finish. Your material 
is noticeably easier to mold. You can 


index material 


shoot larger shots at lower pressures 
and run the mold much cooler, even to 
chilling it. Molders have almost with 
out exception 
they could get with a given machine 


Offsetting 


increased the results 


over the older powders. 


these very attractive advantages is 
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the tendency of the piece to be a little 
more flimsy, but more important is 
an increase in stress cracking, and the 
appearance of carbon flecking un 
known in some sections of the country, 
like California, where I understand 
experience has largely been limited to 
the low melt index materials of a 
round 12 and under 


Between melt index 20 and say &, 


it is virtually impossible to tell the 
various flows apart by visual inspee 


tion, or feel, or flexibility. The marked 


benefits of using a high melt index of 


say 20—the unexpected ease of mold 
ing a 22 oz. shot on a 16 oz. press, the 
better finish, are un 
deniably attractive —but at the present 


stage of our industry’s experience it 


faster cycle, the 


appears that stress crackine and black 
flecks may well force a gradual re 
treat down the melt index seale unt 
a level is 


found where the more ser 
ous disadvantages begin to decline. 
This will mean use of larger machines 
and better heating cylinders on exist 
ing presses to give the same hig! 
poundage per hour that could be 
comparatively easily with 
high melt index powders on smaller 
machines. It will exacting 
studies in quality control, in temper 
ature and pressure settings, and in 
mold temperature control 
while stress cracking may be inherent 


achieve | 


mean 


beeause 
In a specific powder, nevertheless it 
ean definitely be minimized by rood 
molding techniques. And where it does 
not exist in a material at all (as is 
most often the case) unfortunately 


bad molding techniques like ineorrect 
press rating, too high heats, too fast 
evcles, can mold the tend ‘ney to stress 
crack right into a perfectly rood bateh 
of material. The supplier 
then has the invidious, diffieul and 
ticklish task of proving the poor treat 
ment of his powder by his customer 
(the molder)—a job that has taxed 
some of the oldtimers in the material 
game and prematurely aged some of 
the newcomers, The machinery people 


t been called to task to account 


material 


oo have 
for decomposition which has not been 
the fault of the cylinder or of the 
powder, but merely of the excessive 
demands made by the molder seeking 
to enjoy the maximum, and sometime 
intoxicating benefits of the 
high index powders, Considerable im 
petus, 


almost 


however, has been given. to 


heating cylinder design by the problen 
as has been mentioned in an earlie. 
article. 

One might ask why a high melt ip 


dex powder could not be run safely at 


lower heat to get rid of carbon type 


decomposition, but it does not seem 
to follow for several reasons tore 
melting, mold won't fill 


wrinkles may develop. The 


persists in spite of various heat set 
tings, probably due to the basic nature 


of the material about which the 
molder at the present time can do 
very little except) experiment with 
lower melt range: 

Now to complicute the picture still 
further, the various melt indexes of 
given polyethylene are being mad 


vailable in various densities which also 


affeet molding properties. As the ma 
terial 


peopl len more about poly 
ethylene, the picture is becoming more 


involve 1, not le Ss. The Injection molde ! 


is faced with an ever-widening com 


plex of material types, gt ides and 
flow However, the added material 
grades are very definitely expanding 
the applications of injection molded 
polvethylene becuuse of the added ad 
intagwes of the tougher new powder 
Which are flexible, yet resist tre 
eracking, and which ean stand ever 


hirher heats, 
The purpose of these recent article 
has been to call attention to the fact 
polyethylene has been re 
sponsible for a vast expansion of ou 
injection industry imilar to that 
eau ed hy 


polystyrene in 1946 
nevertheless if if is 


improperly 
selected, poorly molded, and badly itp 
plied it ean back-fire on us just like 
the lamented plastic toy bombshell 
of the late forties that wave all “pla 
ties” such ai bad nam 
buyers, 


among toy 


Chemical Statistics Book 
Publication of “Statistical Sun 
mary No. 1,” first supplement to the 
fourth edition of the “Chemical St 
tistics Handbook,” wa announced 
here today by the Manufacturing 


Chemists’ Association. 


The supplement, first of a new 
series of chemical industry statistical 
summarie 5, contains up-to-date i} 
formation in tabular form on wage 
hour, employment, production ind 


price trends in the chemical industry 


as compared with all manufacturing, 
through October 1955. 

Copies of “Statistical Summary No 
1” are available at 60¢ each from the 
Manufacturing Chemists’ Associ ition, 
Inc., 1625 Kye Street, N. W., Wash 
ington 6, D. C 

“Statistical Summary No, 2” 
scheduled to be publ hed in the mid 
dle of the year, following completion 
of the 1954 census of manufacture 

The origina 
the 412-page st 
Handbook,” Wil published ! June 
1955. It contan a wide variety of 
official 


busic reference 


| 
Forty sever 


Wyatt's Plastics 
W tt ties, Ine i new con 


| thre pla ti the ld, has com 
ote ts plant in Houston Its fore 
ct t\ | be custom molding 

tir nd rubber products In 
dadition, it ill offer engineering and 


tines in determining 


th feasibility of making finished 
product fron plastics, as well as 

tian n economical design of a 
nroduct 


W vatt’ Plastics, Ine is a subsid 

ry of Wyatt Metal & Boiler Works. 
The new plant adjoins the site of the 
in on with = it offices 
t 5928 Katy Street, Houston. 


Kennerley-Spratling 


Kennerley-Spratling, a new 
tr molding firn announced to 
day that production was under way 
them me plant at 1456 Fourth 
treet, Berkeley The new firm = is 


ded by Fred L. Kennerley, Pres 

. und Ernest N. Spratling, Vice 
‘resident. Both principals have had 
thar » experience in the 
ndustry, and have worked 
ovether for the past 12 years as 
eneral ninager sand pliant uperin 
toendent at Ameriean Molding Com 


of San Francisco 


Postforming 

\ om and revolutionary type of 

Inerement Postforming equipment, 

known as Thermobond, is now being 


offered to fabricators by the R. A. 
MacDonald Company of Sun Val 
levy, California. It is) believed that 
this equipment will obsolete all othe: 
equipment n the postforming field 
because it) ha Oo many unique and 
nportant teature 

postforming processes using 
th equipment are covered by U.S. 
Patents owned and administered by 
North American Aviation, Ine., Los 
Angeles, Calif. For the name of your 
est Thermobond dealer write R. 
\. MacDonald Co., 7727 Case Avenue, 
Sun Valley, California. 


Silicone Rubbers 


Pwo new licone rubber compounds 

fabricators can use for rapid 

ep thick section curing are now 
ible nh commercial quantities 


“Union Carbide” K-1025 
nd Silicone Rubber Con 
inds, they are prepared by Sil 
one Din on, Union Carbide and 


of the _. 
industry 


; 


Carbon Corporation, and come in neu- 
tral or red color. Designed for gen- 
eral purpose use, K-1025 and K-1028 
meet or exceed Aeronautical Materials 
Specifications (AMS) and specifics 
tions of the American Society for 
Testing Materials (ASTM). 

Data sheets on each of these two 
compounds are available by writing 
to Silicones Division, Union Carbide 
and Carbon Corporation, 30 East 42nd 


Street, New York 17, New York. 


Precision Plastics 


A 15,000) square foot addition to 
the manufacturing plant of Precision 
Plastics Company, 4655 Stenton Ave- 
nue, Philadelphia, will increase Pre 
cision’s scope of activity in the plas 
tics industry, according to company 
president, Edward W. Danien. 


Improved Machinery 


Improved Machinery Ine., Nashua, 
New Hampshire has elected George 
W. Whitehead as Vice President 
Plastic Machinery Sales, 

Mr. Whitehead joined the com 
pany in 1944 and has been Sales- 
manager Plastic Division since 
1949. He is a graduate of the Uni- 
versity of Nevada, class of 1927. He 
is a member of the Socicty of the 
Plastics Industry and the Society of 
Plastic engineers and American 
Chemical Society. 


Acrylic Price Down 


Reductions in prices of acrylic pro 
ducts, ranging up to 9's, were an 
nounced, effective today, by Rohm & 
Haas Company. Products affected are 
Plexiglas sheet, Plexiglas molding 
powders and methyl methacrylate 
monomer, an intermediate in the man 
ufacture of Plexiglas and related pro 
ducts. These reductions follow de 
creases announced last December on 
molding powder and monomer. 


Rainville Appointed 


The Vacuum Forming Corporation, 
76 South Bayles Ave., Port) Wash 
ington, N. Y., manufacturer of heavy 
machinery used to stamp or form 
plastics, has appointed The Rainvill 
Company, 647 Franklin Ave., Garde 
City, N. Y., as its sales representa 
tive in the New England aren and i 
northern New Jersey and New York 
State. The Corporation’s brand nan 


is “VACFORM.” 


Interplastics Corp. 


Gerald F. Bamberger has resigned 
as Executive Vice President and Gen- 
eral Manager of A, Bamberger Corp. 

na American Molding Powder & 
Chemical Corp., Brooklyn, N. Y., to 
form a new company which he will 
control and of which he will be the 
President. Henry F, Meckauer, form- 
erly Export Manager of American 
Molding Powder & Chemical Corp. 
has joined Mr. Bamberger in the 
capacity of Vice President. 

The new firm will be known as 
Interplastics Corporation with offices 
at 654 Madison Avenue, New York 
21, N. Y. The telephone number is 
Templeton 8-0574; the cable address 
is “INPLAKO.” 

Interplastics Corporation will sup- 
ply a complete line of thermoplastic 
molding powders, resins and raw ma- 
terials, both for the domestic and 
overseas plastics industry. 


Isocyanates Produced 


The Du Pont Company announced 
today that its new isocyanates plant, 
geared to manufacture 25,000,000 
pounds of these versatile chemicals 
au year, is now in production. 

The new plant is at the company’s 
Chambers Works at Deepwater Point, 
N. J., and currently employs more 
than 100 people. 


EPON Price Drops 


Shell Chemical Corporation has re- 
duced the price of its EPON Curing 
Agent C-111 from 80 to 68 cents a 
pound. The reduction was brought 
about by lower manufacturing costs, 
according to George W. Huldrum, 
Jr, chemical sales division manager. 


Barrett Appointment 


Announcement of the appointment 
of John C, Esher as Assistant Sales 
Manager, Chemical Sales  Depart- 
ment, has been made by Barrett Di 
Vision, Allied Chemical & Dye Corp- 
oration. He will be in charge of plas- 
ticizers, naphthalene, resins and other 
coal-tar chemicals. 


Foundry Plastics 


Practical advice on production of 
dimensionally stable foundry tools at 
considerable savings of time and 
money is contained in “Plasties in 
the Foundry Industry,” technical 
bulletin issued by the research lab- 
oratories of the Marblette Corp., 37- 
21 Thirtieth St., Long Island City 1, 


Barrett Promotes 


The appointment of J. E. Shand as 
Assistant to L. W. Miller, Manager, 
Chemical Sales, has been announced 
by Barrett Division, Allied Chemieal 
& Dye Corporation of New York. 
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Considerations in Extrusion 
Equipment Selection 


Armand Vallieres 
Project Engineer 
Prolon Plasties Divisior 
Pro-phy-lae-tie Brush Co. 
Flore nee, Mass. 

With an increasing number of con 
cerns supplying extrusion equipment, 
the problem of equipment selection is 
becoming steadily more difficult. This 
article, without attempt to recommend 
one construction 
cusses some of the factors that should 
be weighed to make an_ intelligent 
selection of extrusion equipment re 
gardless of its intended use. The 
weight that will be given to the vari- 
ous factors will depend to a large 
extent on the end use involved. 
OUTPUT 

A primary concern in the selection 
of equipment is the matter of output. 
An estimated plasticizing capacity is 
normally supplied by the equipment 
manufacturer, This figure is given 
merely as a rough indication and 
should be used only as a guide. 

The output of an extruder is based 
on a number of factors such as screw 
design, barrel length, rpm, material 
and die design. 

Let’s look briefly at each of these 
items and what their importance is 
with respect to machine 
should be emphasized here that out- 
put by itself is of little importance 
unless some quality level is 
lished. As quality becomes more im 
portant, some reduction in output 
must be expected in most 
probably also should be pointed out 
here that best operating conditions are 
normally obtained at something 
siderably under the maximum output 
of the equipment. 

There is a difference in 
mong many as to whether or not 
serew design should be a factor in 


over another, dis 


selection. It 


estab- 


cases. It 


con 


Opinion a 


machine selection. Screw design is 
readily changed nearly” any 
serew that will work in one machine 
can be made to work in another ma 


chine. It should be realized that 


mum screw design will, however, differ 


opti 
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depending upon the material and in 
dividual job requirements. 

The effect of barrel length is 
an important with re 
spect to output. In many cases, longer 
extruders, on the order of 20-1 Le D 
will result in either increased output 
or improved quality or both. The 
slight additional cost is usually war 
ranted, 

The rpm au major effect on the 
output of the extruder, and any com 
parison with respect to output must, 


also 


consideration 


has 


of course, be considered on the basis of 
rpm, One should determine 
rpm’s to be run and select equipment 
capable of operating at the maximum 
and minimum levels established. 

The plastic material and 
the die design, although they will af 
fect output, do not normally enter as 
a factor in machine selection except in 
special cases where chemical 
ance might be involved. 
MECHANICAL 

Probably one of the most important 
considerations under the 
features of the equipment is the type 
reducer which supplied. 
The gear reducer is the heart of the 
mechanical end of the machine 
must be built sufficiently 
carry the necessary loads 
and for this reason the following con 
the type 
and gear design, speed ratio, whether 
a herring bone or worm gear, type of 
thrust and 
requirements, 
drive 


probable 


involved 


resist 


mechanical 
of gear 


and 
strong to 
smoothly, 


siderations are suggested; 


bearings, sleeve oil seal, 
maintenance 
bility of the transmission for 
periodic inspection and replacement. 


Cost, of course, also is an important 


accessl 


consideration, but should be considered 
in light of the above requirements. 
Another important decision with re 
spect to machine selection is the type 
of drive purchased. All extruder 
manufacturers supply equipment with 
either a mechanical type 
speed drive or an electrical variable 
speed drive of the AC-DC type. The 
the electrical drive is higher, 
but is somewhat more versatile and 


variable 


cost of 


exact in its operation. In some cass 
single speed drives or three specs 
drives ure ce sirable, and this wall ae 
pend to au great extent on the typ { 
service which the equipment \ 
recelve, 

following is suggested to eva 
ate the above 

1. Type of motor, it horsepowel 


rating, torque, speed range, eles 


trical requirements, eyele cur 
rent and number of phases, watt 
load, 
Zs Type speed Indicator 
meter) and ammeter for motor 
The feed opening should be exam 
ined as to its size and shape. It 


generally considered that the 
opening should be at minimun 
equivalent to one diameter of tl 

serew, and there are some who prefet 
that it should be as large as 1 dl 
ameters, For normal feeding oper 
ations, a single diameter j ulTicient 
Where difficult feeding problems ai 
upt to develop, the larger size oper 
ings will in some cases be of 

ance. This area is normally wat 


( ooled., 
There 


mongyst 


is considerable uniformity 


extruder manufacturers as to 


the actual construction of the extrud 
barrel, In most cases, Xalloy lines 
are used When chemical resistances 


a problem, special liners may be re 
quired. Where material 
volatiles are involved, 
should be made for 
the liner is pre 
In other cases, a 
used, It is 


provision 
venting. some 
cases, sed into the eyl 
inder, ingle intesrral 


piece Is clatmed by 


that the integral unit) gives better 
heat transfer. Consideration hould 
be given to the number of seetions in 
the cylinder assembly and how they 


are coupled together (whether wit! 


studs or bolts) and. the irene oof the 
flange. 

The die adapter, which can be cor 
sidered a subsequent assembly, should 
be viewed with sre pect to the ‘ ‘ 
with which dies can be installed re 
removed from the head of the ex 
truder, Points to consider are the typ 
of linkage and number of bolts, et 
Accessibility of this a embly 
important, as it is frequently neces 
sary to remove and replace screens i 
the strainer assembly or to clean tl 
lead in section of the dic 

The SCTEW Is con ile red the 
important working part of an extruder 
Inasmuch as it provides the meehar 
ical mixing and forwarding ietior 
There are many considerations tl 
should be made with respect tot! 
actual peome try of the crew. In tl 
section, we will touch brie fly or 
of the major considerations aside fron 
actual design 

The screw should be fabrieated 
a good grade of steel, whether st 
less or alloy type. Surface 
treatment of the serew niport 
particularly the degree of hardne 

(Please turn to pawe ¢ ) 
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UNITED STATES 
RUBBER AGE 
January, 1956 


Abstracter: James Harrington 


RUBBER AND PLASTICS PACK- 
INGS—Frederick C. Thorn—pg. 555- 
560 

\ discussion of the usual mechanical 
propertt required of materials to be 
used in gaskets, dises, diaphrams, and 
sliding contact packings. The author 
points out that these applications re 
quire many special properties which 
ure either not usually reported or not 
covered by any standard test pro 
cedure. Many specific examples of the 
use of plastic packings are included 


in this comprehensive article. 


FRANCE 


INDUSTRIE DES PLASTIQUES 
MODERNE 


Vol. 7, No. 10 & Vol. 8, No. 1 


Abstracter: Hans Mayer 


VINYLITE COMPOSITIONS SUIT- 
ABLE FOR COLD APPLICATION 
BY GUN 

The composition and application of 
plastisol coatings to « bjects too large 
to be dipped or passed through appli 
cators is described, The material de 
veloped for this process, “Pareoplast 
300,” has qualities similar to molded 
or extruded vinyl compounds if pro 
perly applied on top of the correct 
undereoating. 


HIGH PRESSURE AND LOW 
PRESSURE POLYETHYLENE 

The physical properties of products 
manufactured by different methods 
from both materials are compared and 
the production facilities for both types 
of materials in the producing coun 
tries are enumerated. 


ELECTRICAL WIRING CONDUITS 
IN VINYL 

The possibilities and execution of 
wiring through polyvinyl conduits are 
discussed 


/ 


/ 


AROUND THE WORLD 


GERMANY 
KUNSTSTOFFE 
January, 1956 


Abstracter: Anne Schwend 


PVC PLASTICIZERS FROM MONO- 
ALCOHOL-ESTERS — Wuerstlin and 
Hermann Klein 

The structural principles of PVC 
plasticizers are systematically investi- 
gated as to their chemical modifica- 
tions. The main characteristics: effec 
tiveness, PVC diluent capacity and 
compatibility with PVC are compared. 
Since in 90% of today’s customary 
plasticizers the ester group determines 
the diluent capacity and compatibility, 
investigations are based on aliphatic 
mono- and di-carboxylic acid esters. 


CURING OF UNSATURATED 
POLYESTERS AT LOW TEMPER- 
ATURES—RB. Berndtsson and L. 
Turunen 

Kind and quantity of catalyzer and 
accelerator as well as duration and 
temperature of curing are investigated 
with a view to changes in the thermal 
and mechanical properties of the pro 
ducts concerned, Polyesters under con 
sideration were both unfilled and re 
inforeced, Curing temperatures ranged 
between 68 and 104°F., post-curing 
was effected at 158 F. Benzoyl perox- 
ide-dimethylaniline catalyzer proved 
unsatisfactory for curing at low tem- 
peratures without post-curing. Cata- 
lyzer paste CHF + cobalt naphthenate 
(1 - 

dibutyl phthalate) yielded far better 
results for both unfilled rein- 
forced unsaturated polyesters, Light 
transmission was found decreasing 
with the increase in curing temper 
ature especially when the polyester 
was applied at relatively high atmos- 
pheric moisture content, However, op- 
tical properties are not impaired if 
curing temperatures do not exceed 


104 


TENSILE STRESS AND ELONGA- 
TION DIAGRAM OF POLY AMIDE— 
W. Weidmann 

Tensile tests of Durethan BK poly 
amide show that particularly the first 
part of the test—from start to yield 
value—responds to any variations in 
environmental conditions and differ 


ences in material as well as testing 
conditions. Specimen may show dif- 
ferent yield and. stretching values 
though made of the same material in 
case their moisture content or elon- 
gation speed are divergent. Constant 
loads cause deformation at points 
far below the yield point without hope 
for resilience. Test results are en 
larged upon and may be applied for 
polyamids of other makes, too. Any 
engineer may read off the required 
data from properly kept diagrams for 
manifold design applications, 


EXTRUDERS WITH HI-SPEED 
SCREWS—FErich Beck 

New extruder design principles 
are discussed: 1. Independency from 
dwelling time of plastic material in 
the barrel, normaliy required for heat 
transfer, is one of prerequisites. 2. 
Feed should be heated uniformly and 
evenly in all parts of barrel. No heat- 
ing should take place at the internal 
surfaces of enclosing metal parts even 
if roughness or related unevenness 
should hamper the passage speed of 
mass particles, On the contrary, heat 
should be released through outer 
mantle into the open air. 3. Since the 
feed has to be kneaded and homogen- 
ized anyway prior to extrusion, suffi 
cient mechanical energy may be ap- 
plied for this preparatory job to melt 
the mass. Thus heat is generated in 
the mass itself, the best guarantee 
for even distribution of temperature. 
1. To eliminate any deficiencies 
through inaccurate measuring of the 
temperature by thermostats, the 
energy supply is no longer controlled 
by the temperature but by the vis- 
cosity of the melt, the screw itself 
serving as feeler gauge. In case of in- 
creasing viscosity, the serew draws 
more energy from the motor and vice 
versa. Application of these principles 
permits to speed up the number of 
revolutions of the motor to such an 
extent that interswitching of gears 
becomes superfluous. Adjustable feed 
weighing and setting mechanisms for 
power consumption render obsolete 
speed controls and any temperature 
control device since a certain melt 
viscosity and the pertaining temper- 
ature adjust themselves. Several pat- 
ents have been applied for for the 
principles described, A model ex- 
truder was built on this basis. 


(Please turn to page 61) 
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Western New England 
Physicist Jules Pinsky Presents Talk 
On Effects of Coatings, Polymethylenes 


Charles P. O'Donnell 


that Plax feels it necessary to accent 


“Effects On Polyethylene Packaging 
of Coatings and Polymethylenes” was 
the theme of a talk presented to 
seventy-five members of the Western 
New England section by Mr. Jules 
Pinsky, on the evening of February 1. 
The regular monthly meeting, held in 
the Terrace Room of the Bradley Field 
Administration Building, was treated 
to a crisp, authoritative report, with 
visual aids to accent the high points 
and a table display for post-presen- 
tation observation. Mr. Pinsky, Chief 
Physicist for the Plax Corporation in 
Hartford, Connecticut, gave a com- 
prehensive talk on the polyethylene 
packaging picture, touching on the 
problems and faults peculiar to the 
polyethylene package, some of the 
work done by his organization with 
coatings and polymethylene to adapt 
these packages to broader areas of 
use, and a few of the pitfalls and 
snags to be alerted to in these adap- 
tations, 

Mr. Pirisky pointed out that the in- 
troduction of coatings and polymethy- 
lenes, (otherwise known as low pres- 
sure polyethylene), has already in- 
fluenced future packaging planning. 
However, he strongly underlined 
throughout his entire report the need 
for careful evaluation and application 
to insure proper end-use of these 
plastics. But, with Plax’ records show- 
ing only one out of two customer's 
products now able to use polyethylene 
packaging, their physicist feels that 
coatings will open new horizons for 
polyethylene packaging. 

This low fifty per-cent application 
rate for polyethylene was due to 
chemical attack on the polyethylene, 
too high a permeability factor, pack- 
age distortion, or causation of a 
greasy outer surface. Coatings over- 
came many of these deficiencies; of 
fifteen materials listed as normally 
non-packageable in polyethylene, thir 
teen of them could be packaged with 
liners. In some instances, coatings are 
needed by polymethylene to supply it 
with the proper packaging properties. 

At this point, Mr. Pinsky explained 
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he difference between polyethylene 
and polymethylene properties and ap 
plications, hence their preference for 
the name polymethylene as compared 
to low-pressure polyethylene, linear 
polyethylene, ete. Using slides show 
ing test results on actual samples and 
as projected on graphs, the speaker 
demonstrated differences in squeeze 
properties, recovery rate, and feel and 
opaqueness. These, in addition to 
chemical, permeability, and temper 
ature resistance underlined this deci 
sion to differentiate, by name, between 
the two. 

Throughout this section of his pre 
sentation, the Plax physicist devoted 
considerable time to explanation of, 
and applied uses for, the theories and 
formulae of his profession. In_ this 
area, the researchers found that by 
applying a positive polarity material 
to the non-polar compounds, such as 
polyethylene, an effective barrier for 
both polar and non-polar materials 
was the result. 

The speaker reiterated the need for 
caution to avoid misapplication of new 
developments. He listed the following 
five features as test requirements the 
suppliers and users of packages should 
check carefully in regard to the in- 
tended application: chemical resist- 
ance, permeability, adhesion and flex 
ibility, collapse prevention, grease 
proofness. 

In reference to adhesion, it was 
emphasized that the surface had to be 
treated before applying the coating 
and that “the degree of treatment is 
more critical than that for applying a 
printing ink.” A report from a mold 
ing powder supplier referred to a 
patented treatment using chromic acid 
dip to oxidize the polyethylene sur 
face. 

Besides checking for properties 
peculiar to the item under test, Mr. 
Pinsky suggested checking for the 
following in a twenty-eight day shelf 
life test at both room temperature and 
120 degrees Fahrenheit; weight loss, 


collapse, bulging, greasy outer sur- 


face, perfume odor ditt rence, loss 


flavor, chemical reaction, loosening o! 
coating, flexibility, loss of effective in 
gredients, discoloration, pH change in 
contents, change in refractive index of 
contents, emulsion breakdown 
Another problem of the polyethy 
lene packaging field) remarked upo 
was the variations in polymethylene 
molding powders as received from the 
separate suppliers even in various 
lots received from the same supplier 
Here, again, the Plax physicist pre 
sented a check list, intended in this in 
stance to bring out the large vari 
ations which, the speaker said, were 
often 
methylene 
powder suppliers; 
stress corrosion cracking, odor, effects 
gravity. vari 
misce 


shipments of poly 
from molding 
residual solvent, 


found in 
recely ed 


specific 


of pigment, 


ations, aging differences, 
laneous. 

In this test 
methylenes, the “miscellaneous” cate 


most in 


check list for poly 


gory was considered? the 
portant because of the number of w 
knowns in any new plastic 

The talk concluded on an optimistic 
note concerning the future of poly 
ethylenes and coatings. But here, too, 
the plea was made to make haste 
slowly by careful engineering of the 
materials and through proper appli 
cation of the end-use, 

At the conclusion of his 
tation, Mr. Pinsky held a short ques- 
tion-and-answer period which moved 
over to the table-display for the wind 


presen- 


up of this session. 
Milwaukee 


February Meeting 
Has Largest Group 


W. H. Brueggemann 
The February meeting of the Mil 
waukee Section of SPE proved to be 
the largest turn-out our society ha: 

had to date 
Mr. Robert F. 
Representative in 
Molding Division of the Bakelite Con 
molding of 


Traflet, Technical 
Chicago of the 


poration, discussed the 
phenolic resins and presented an ex 
cellent movie entitled, “Molding Phe 
nolics.” This described the various 
techniques and equipment necessary to 
mold phenolics along with examples of 
the finished articles. 
Following the movie, the 
toured the plastic molding operation 
of the Cutler-Hammer Corporation 
here in Milwaukee, This allowed the 
group an on-the-spot inspection of 
some of the molding operations seen 
in the movie plus a good display of the 


group 


production of plastie item 

excellent) program 
Program Chairman 
Thayer of 
nation 


Continuing the 
already held, the 
has retained Mr. 
the Dow Chemical Company, 
ally known authority on 
molding, as our next speaker for the 
March 13 meeting. 


Gorde1 


injection 
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Eastern New England 


Section Conducts Panel Discussion 
On Subject of Plastic Containers 


Alfred |. Simon 


joint meeting of the S.P.1L-S.P.E. 
vas held at the Hotel Beaconsfield in 
Brookline, Massachusetts, on Thurs 
day evening, February 16, 1956, A 
group of approximately 130 members 
and guests attended. Included as 
guests were fifteen Lowell Techno- 
logical students majoring in Plastics 

After a smorgasbord meal, a panel 
discussion was held on plastic con- 
tainers with primary emphasis on the 
thin-walled ones. Jack Kavanaugh of 
Standard Tool Company discussed 
non-conventional molds for molding 
thin-walled (.014") containers. 

Michael Merrill of Dow Chemical 
Company spoke on soft flow mate- 
rials which can be used for high 
speed in conventional presses for the 
molding of thin-walled containers 
competing with paper containers, He 
mentioned that this soft flow material 
does sacrifice physical properties and 
that special molding machines utiliz- 
ing stiffer flow material would pro 
duce parts with better physical prop- 
erties, 

George Whitehead of Improved 
Machinery Company talked about 
faster operating machines. After a 
great deal of experimentation, it was 
found that speed in closing of the 
mold and speed of injecting the ma- 
terial after locking the mold are the 
important factors in molding of thin 
walled containers. However, there is 
quite a bit more to be learned about 
machines, molds and materials. 

John Adamitis of Beacon Plasties 
spoke from the viewpoint of a molder 
of 

The meeting was then turned over 
to a discussion including the audience 
and the panel, A partial summary 
of this follows: 

A question of temperature control 
in the gate area produced the follow- 
ing answers: 

1. The gate area should be cen 
tered and cooled 

2. A beryllium copper insert for 

good heat transfer is used for 

the portion of the mold adjacent 
to the bottom of the container 

3. A water jacket around the noz- 
zle bushing is also used to con- 
trol temperature in this area 

Heat distortion is sacrificed with easy 
flow materials. 

Factors in mold design for thin- 
walled containers: 

1. A good mold may cost as much 
as 50° more than a conventional 
mold for heavy-walled sections 

2. It must be ruggedly built in 
order to overcome the problem 


of shifting of the core 
A disadvantage of a preplasticizing 
machine is that it is slower than a 
single plunger heating cylinder, 

The determination of the numbe) 
of cavities for a thin-walled containe 
depends both on the wall thickness 
and the area. The thinner the wall 
the less the number of cavities; the 
larger the area the more chronic the 
conditions, 


It was pointed out that speed of 


injection is highly important, since at 
low speeds the wall skins are high, 
the gate area is strained and ther 
is not enough pressure at the oppo- 
site end of the gate; while rapidly 
filling the cavity will minimize the 
strains at the gate. The rate of in 
jection and temperature of the mold, 
therefore, control orientation and 
strains in the molded part. 

Other questions on transparency 
versus translucency in containers were 
discussed, A two cavity mold appears 
to be optimum for the molding of 16 
oz. containers at present, An eco 
nomical four cavity mold appears 
possible. 

Heating cylinders are being studied 
to improve efficiency and reduce pres 


sure loss. 


Central Ohio 


Jack Knight Speaks 
On Sheet Forming 


Victor Hauprich 

The February 21st meeting of S.PLE. 
was held at Reeb’s Rathskeller with 
twenty-five members and guests in 
attendance and an excellent roast beef 
dinner was thoroughly enjoyed by all 
present. 

Mr. Dixon opened the business 
meeting requesting individuals to in 
troduce themselves. Bill Croll reported 
on the discussions at the recent Na- 
tional Council Meeting held in Cleve- 
land. 

Gene Cain introduced the speaker 
for the evening, Mr. Jack Knight of 
Fabri-Form Company, who presented 
an interesting resume of the many 
advantages and some of the pitfalls 
of the plastic sheet forming business. 
Mr. Knight displayed samples of 
vacuum formed sheet and, with the aid 
of slides, ran through some of the 
engineering considerations involved in 
supplying stress-free and dimension 
ally-stable parts. Careful heat control 
and cycle timing are among the many 
variables which are gradually bringing 
about the transition, in this field, 


from an art to a science. 


Kentuckiana 


Section To Present 
Achievement Award 
At May Meeting 


R. O. Carhart 


The regular monthly meeting of 
the Kentuckiana Section of the SPE 
was held on February 15, 1956 at the 
Kennel Club in’ Evansville, Indiana. 
We were pleased to weleome Don 
Korb, Werner Purtzer, Dick Major, 
Barney Derrington, Golden Kruse, of 
Crescent Plasties; Jack Hauke, Hoo- 
sier-Cardinal: Jerry Koofer, Jener- 
son Corp., and L. Schmidt, Kent Plas- 
tics as guests, and hope to see them 
back again in the near future. 

During the business meeting, the 
following information was presented 
on the Achievement Award which is 
to be presented at our May meeting 
to the member or members judged by 
the committee and Board of Directors 
to have made the outstanding contri- 
bution to the plastics industry. The 
committee to handle this award has 
R. R. Millar as chairman, with R. C. 
Peters and A. M. Varner as_assis- 
tants. The qualifications for eligi- 
bility are that the person being con- 
sidered be a member of the SPE at- 
tached to the Kentuckiana Section 
and that he have made a contribution 
to the plasties industry through any 
of the following: (1) design and 
development of tools, equipment or 
processes; (2) design and develop- 
ment of new products; (3) new plas- 
tic materials; (4) development of 
new applications and markets; (5) 
for work in the seetion or national 
organization. The award is to be 
designed by E. H. Roberts and is to 
consist of an appropriate plaque. 

Brief discussions were held as to 
programs for inereasing membership 
and for gaining publicity for our sec- 
tion and its members. It also was 
announced by Ken Erwin that the 
Board of Directors has agreed to 
sponsor two college professors as 
members, one from the Louisville 
urea and one from the Evansville 
area. This is being cone in an at- 
tempt to encourage universities and 
colleges to participate in the plastics 
program. It was pointed out that 
there is a great need for plastics 
engineers and for school programs to 
educate such engineers techni- 
clans. 

At the completion of the business 
portion of the meeting, Vice-presi- 
dent and Program Committee Chair- 
man Clem Young introduced Mr, J. D. 
Hinchen of the Monsanto Chemical 
Co., Who presented an interesting dis- 
cussion on “Solving Plasties Produc- 
tion Problems Through Quality Con- 
trol.” 
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R. 1. and S. E. Mass. 


‘Ladies Day’ Scheduled For May; 
Educational Program To Be Next Fall 


Glenn A. Tanner 


The February meeting of th 
Island and South East Massachusetts 
Section was held Thursday, February 
23rd, at the Wayland Manor, Provi 
dence, A good number of 
ple turned out to see the pression 
molding films sponsored by Bakelite 
Corp., and hear the comments of thei 
representative, Mr. Clifford Hawley. 
A fine dinner was preceded by a so 


peo 


con 


cial hour, and followed by the busi 
ness meeting and the film. 
Members were sorry to hear that 


Mr. Robert Cranstom 


Feuchter of 


Molding Co., was moving to Cinein 
nati. Mr. Feuchter is one of ow 
earliest members, having joined the 
organization in 1949, and has been 


extremely active in this section, since 


that time. He held various 
offices, including the presideney. The 
group will suffer the loss of a man 
who has done so much to build the 
spirit of our organization. 

Sydney Lohmann, Chairman of ow 
Ladies Day Committee, announced 
that this year’s ladies day will be 


held the third Thursday in May, at 
the Pawtucket Golf Club.) This affair 
has annual event in out 
SPE program 
ceeding year it 
From the sound of the pres 
ent plans, it appears that we can look 
forward to evening 


become an 


section and each sue 


has been au greater 


success, 


even a greater 


thar evel before. Mr. Lohmann 
stated that he would like all members 
to keep it mind that they will be 
solicited very shortly for door prizes 
and tavors for the ladies, and = said 


that he like all members to 
keep this in mind. 


Mr. Howard Amster of 
Molded Products, and Cha 


W ould 


Reliane 


rman. of 


our Educational Program, announced 
that plans were progressing rapidly 
for the plastic education progran 


fall. 
Direc 
will be held 
Mr. Hugold 
Although 


introduced this 
subject of the 


Which will be 
This will be the 
tors Meeting, which 
Thursday, March Ist, at 
Anderson's office at 7 p.m. 


this is officially our Directors Meet 
ing, all persons interested in the Ed 
ucation Program were asked to at 
tend. Also, he suggested that any 
one having any literature, outlines, 


that could be = inco) 


porate d in or used as reference in this 


or sugyestions 


educational program, should send this 
material to him at Reliance Molded 
Products, Woonsocket, R. a 

Our Secretary, Mr. Charles Chrones, 
of Hassenfeld Bros., Ine., announced 
that our had four 
members eleeted and accepted a trans 
fer. The new 

Mr. Henry 
cun Cyanamid Co., 
benholtz, 


section has new 
members are: 

MeVickers, Jr., Ameri 
Boston, Mass.; Mr. 


James EF. Plastene Corp., 


Membership Competition Chart 
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Norwich, Conn.; Mr. Allen Cameron, 
General Electric Co., Taunton, Mass.; 
Mr. Emil E,. Fischbach, Metals & 
Controls Corp., Attleboro, Mass. 

The transfer is Mr. Louis Robbins 
of Modern Plastics Engineering Co., 
Paunton, Mass. 

Several new applicants for mem 
bership were in attendance and two 
of these were fortunate enough = to 


the 


were; 


win the door prizes for evening. 
The lucky Mi 
Cuddy of Rumford Plasties, Ine., East 
and Mr, Thomas Cuddy 


Herbert, Rumford, R. 1. 


persons Sam 


Providence 
of Cuddy & 


The two door prizes were donated 
by Mr. Clifford Hawley of Bakelite 
Co., and Mr. Howard Amster of Re 
liance Molded Products. 


The Bakelite Co, Film was very in 
structive and offered 
formation on the terminology 
problems involved in molding thermo 


much basie in 


and 


setting material. By means of excel 
lent drawings, they illustrated the 
differences between positive molds, 


landed 
\ good deal 
the ad 
use of 
drawings) of 


flash molds, molds, 


and 


positive 
semi-positive mold 
Was 


of information riven on 


vantages, problems, and each 
type. Cutaway 


explained the difference in’ operation 


molds 


between compression molding, plung 
er molding, and transfer molding. 
After the showing of the film, Mr. 
Hawley stated that this film and ae 
companying manual is available for 
other interested groups, Mr. Robert 
Keuchter assisted in leading the dis 
cussion that followed, which 
quite lively and enjoyed by all. 


Wials 


Upper Midwest 


Juras Is Speaker 


Francis W. Brown 


The Upper Midwest met 
February 20th, with thirty-five mem 
bers in attendance. The 


Section 


speaker of the 
Appy Juras, Midwest 
Area Manager, of the Rezolin Ince. Mr 
who has spent fifteen year 
engineering and manufactur 


meeting was 


Juras, 
in tool 


ing, spoke on “Tooling With Plastic 

He outlined the use of plastic in 
tooling particularly as applied in the 
Detroit area. The field is growing 


rapidly —4,000 men are now employed 


in shops in the Detroit area with an 


increase of 50° expected in the next 
two years. Since regular tool shops 
are not equipped for plastic tooling 
most of the thirty plastic tooling 


new. The 


shops in the Detroit area are 


low capital outlay of about 
for a 


about 


plastic tooling shop 


$5,000,000 


required 
compared to for oa 
completely equipped tooling 
aided growth. 

Following Mr. Juras’ Mr. Paul 
Becker displayed several example of 
the plastic 
and assembly work at 
Honeywell Regulator Company 


hop ha 

talk 
hine 


use of tooling in 


Minneapoli 


Fifty three 


It 
> 


New York 


Panel Compares Four Molding 
Processes As to Cost, Tooling 


Jim Dugan 


Over 90 members and guests at- 
tended the February 15 meeting of 
SPE’s New York Section, held jointly 
with the Section’s Reinforced Plastics 
Group at the Gotham Hotel in New 
York City. The meeting took the 
form of a panel discussion; compar- 
ing four molding processes with re 
pect to their modes of manufacture, 
tooling required, and costs. Two 
items, a SIX by six-inch cone and an 
18 by 24 by 12 inch box were chosen 
to illustrate the techniques in ques 
tion 


Sud Ullman, Kuhn & Jacob Mold 
ing & Tool Co., was not too optimistic 
ubout the use of compression molding 
in either case. He felt the cone was 
definitely out. Cost would be the 
primary consideration here, — since 
compression molding requires a large 
press and preformed material, Tool- 
ing could cost anywhere from $6- 
15,000 and, with a cycle time of six 
minutes, approximately ten boxes 
could be turned out in an hour. Even 
without considering rejects, and 
thermosetting material cannot be re- 
used, Mr. Ullman estimated piece 
cost for a 1,000-unit run to be around 


$5.50. A 5,000-unit production would 


bring piece cost down to $5.25-5.35; 
however, mold amortization would 
necessitate extremely long to 
make compression molding competi- 
tive, 

Injection molding was the method 
chosen by Saul Blitz of Tico Plastics. 
He also felt that the number of 
pieces was the primary factor in the 
case of the box. He estimated mold 
cost at $15,000, and brought up the 
question of delivery date—about 24 
weeks. However, in SO gage high 
impact styrene, he estimated a unit 
cost of $2.11; $4.00-6.00 for butyrate, 
assuming the same cycles. The six 
inch cone presents little problem, 
since the standard injection press 
opens 10 inches. Mr. Blitz felt the 
cones should be priced at 23¢ in sty- 
rene, 28¢ in acetate, and 40c¢ in buty- 
rate. For quantities above 5,000, he 
felt a two-cavity mold should be em- 
ployed. This would give less shots 
per hour, but the higher production 
rate would bring the unit price for a 
styrene cone down to 19¢. 


Vacuum forming offers many ad- 
vantages, according to Daniel Lewis, 
Durable Formed Products, Ine., de- 
pending on the number and the re- 
quired delivery date. Tooling would 
cost only $85, and 100 boxes would 


cost uround $200-225. Cost per unit 
for a 5,000 run was estimated at 
$1.95. Longer runs are not feasible, 
since delivery date would be about six 
months to a year, and the higher 
mold costs would be amortized. For 
the box, Mr. Lewis would use a high- 
impact copolymer sheeting. He felt 
that square corners should not be ex- 
pected, if good impact strength and 
finish is desired. Tooling would run 
about $125, and the price per box, 
formed from ‘4-inch sheet, would be 
$14.95; $15.00, for a 5,000 run. 

J. D. Bassin, Borden Co., presented 
the case for reinforced plastics. He 
felt that the cone, being expendable, 
does not actually require the strength 
properties of reinforced plastics; 
however, its use would be quite feas- 
ible. For 100 cones, he would recom- 
mend matched plastic molds and 
room temperature cure, For 100- 
50,000 units, matched aluminum 
molds were suggested; chrome-plated 
steel molds for numbers in excess of 
50,000. Plastic molds were not recom- 
mended for heat cure, since the ex- 
pansion factor for plastic is about 
50 x 10°. This, as opposed to 10 x 10° 
for steel. Estimates for 100 cones 
would run about $2.75 each. Matched 
aluminum molds would cost about 
$150, but the unit price would drop 
to $1.00. Boxes would be produced 
in the same type molds; plastie molds 
costing $250, and aluminum molds 
running about $1,000, Costs per box 
would be $9.25 and $3.75, respectively. 

The New York Section welcomes 
the following new members: Peter 
Henry Merz, Samuel Eppy & Co., 
Inc.; Nicholas Meglino, Neo-Line 
Products Corp.; Frank Mazzarelli, 
Neo-Line Products Corp.; August M. 
Mazzarelli, Neo-Line Products Corp.; 
Matthew F. <Antonovich, Advance 
Solvents & Chemical Div. of Carlisle 
Chemical Works, Inc.; Jack Emsig, 
Emsig Manufacturing Co.; William 
Bodenstein, Rego Insulated Wire Co.;: 
Arthur A. Friedberg, W. Braun Co., 
Inc.; Prem Gary, International Balsa 
Corp.; Murray Nadel, Augusta Plas- 
tics, Inc.; Edward M. Bermas, Augus- 
ta Plasties, Ine.; Leonard Skriloff, 
Augusta Plastics, Inc.; Stanley Sap- 
ery, Augusta Plastics, Inc.; Lawrence 
R. Sparrow, Republic Aviation Corp.; 
Gerald Gross, Breskin Publications; 
A. J. Dragonette, Bakelite Co., Div. 
of Union Carbon & Carbide; Malcolm 
W. Riley, Materials & Methods Maga- 
zine; and Benjamin B, Kaplan, Ben- 
ter Company. 


Central Indiana 


140 Journey To 
Anderson For 
Delco Remy Tour 


C. R. Smith 


On February 28th the largest gath- 
ering in the short history of the Cen- 
tral Indiana Section convened at the 
Anderson, Indiana plant of the Delco 
Remy Div. of General Motors for 
what proved to be one of the most 
interesting sessions to date. <A total 
of 140 guests and members, some of 
whom had traveled literally hundreds 
of miles, were treated to a fine buffet 
supper with the compliments of Delco 
Remy before starting the evenings 
activities, 

The group was officially weleomed 
by Mr. H. G. Riggs, Works Mgr., who 
outlined briefly the history and gen- 
eral operations of his Co.’s_ plastics 
departments. This briefing revealed 
the fact that the thermosetting mola- 
ing department uses in excess of 
600,000 Ibs. of material a month in 
the daily production of approximate- 
ly 600,000 parts, while the thermo- 
plastic molding department uses an 
additional 115,000 Ibs. of material per 
month. 

The tour was accomplished by ro- 
tating two groups through each de- 
partment. Guests were permitted 
free access to the plastics operations 
ureas, thus providing excellent 
opportunity for each person to ob- 
serve the functions of most personal 
interest. Questions were answered 
by well informed and easily located 
guides. Of greatest interest in the 
thermosetting department the 
newly developed automatic high 
speed plunger molding equipment as 
well as other Deleo Remy designed 
and built press equipment, unique in 
the field. The thermoplastic depart- 
ment exhibited 22 injection presses 
operating on automatic cycling. 

Mr. Gene Quear and his associates 
are to be complimented on the ex- 
cellence of their arrangements. The 
entire tour was conducted with a 
minimum of confusion and most cer- 
tainly contributed greatly to every- 
one’s fund of knowledge as well as 
their interest in SPE activities. 

This evening’s meeting also served 
to introduce the Section’s new Officers 
and Directors who are: Clifford R. 
Smith, President; Eugene C. Quear, 
Vice Pres.; William Millholland, See. 
& Treas.; David D. James, National 
Director; Harold Riley, Jr., Director; 
John Remley, Director; Stephen D. 
Ransburg, Director; Arthur B. Hitch- 
cock, Director; John E. Anderson, 
Director. 
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Newark 


Subject Is: ‘Injection Molding 
Of Rigid and Non-Rigid Vinyls’ 


R. Bostwick 


The regular February meeting of 
the Newark Section was held on Feb- 
ruary S with 110 members and guests 
attending the dinner. Wayne Schrag 
spoke briefly on the employment ser- 
vice he runs informally for the See- 
tion membership. Wayne certainly de- 
serves credit for this unselfish under- 


tuking. He reported that the 
moment he has more jobs than 
applicants, 

The subject for the evening was 


“Injection Molding of Rigid and Non- 
Rigid Vinyls.” Mr. J. H. Malone of 
B. F. Goodrich Chemical Co. spoke on 
the rigid vinyls and Mr. J. H. Wilkin- 
son of Bakelite Co. spoke on the non- 
rigid vinyls. 

Mr. Malone explained that there are 
two types of unplasticized PVC. Type 
I is of normal impact (0.8 Izod) while 
Type IL is modified to give higher im- 
pact strength (15 Izod). Type I has 
higher tensile strength and better 

hemical resistance than Type II. Mr. 
Malone showed a number of slides of 
molded rigid PVC applications, mostly 
n the pipe field, and then discussed 
molding. A stock temperature of 350- 


365 F is recommended for both trans 
fer and injection molding, In transfer 
molding, the pigs are preheated to 
that temperature and pressures of 20,- 
000-30,000° psi are used, In injection 
molding, pre-plasticizing units and 
specially designed heating cylinders 
are advised, again with stock temper- 
atures of 350-365 F and injection pres- 
sures of 20,000-30,000 psi. In mold de- 
sign, large gates and large sprues are 
recommended and — chrome - plated 
molds. Mold temperature should 
130-140 F or the mold can be cycled. 
Where a core is used, control of core 
temperature is important. In conclu- 
sion, Mr. Malone felt that the combi 
nation of resistance, good 
aging of handl- 
ing and good strength properties in 
herent in rigid vinyls would result in 
substantial growth in this plastic in 
the next five years. 

Mr. Wilkinson devoted his talk to 
the importance of restricted gating in 
the injection molding of plasticized 
vinyls, using for text and illustration 
the pioneer paper in this field “Re 
stricted Gating,” by R. Bostwick and 


be 


corrosion 


characteristics, ease 


introduction, the 


\s 


speaker cited the wick 


Joslin. 


range of pro 


perties obtainable with plasticized 
vinyls and the recent price reductions 
amounting to over 80° on” resin 


price in the past vear, Restricted gat 
ing has been important in overcoming 
earlier deficiencies — of elastomerk 
vinyls in molded gloss, It is considered 
that the restricted gate gives a “flash” 
frictional heat at the last moment be 

fore entering the cavity, thus im 
proving molded appearance, Further 

more, cylinder temperatures can be 
lowered, with material heating looked 
first the 
restricted 


upon as a two-step process 
eylinder and the 
gate. Restricted gating, for this pur 


secondly 


pose, is defined as below 025 in 
diameter. 
The speaker showed slides of oa 


mold design and 
studied, The 
with a 


Bakelite laboratory 
various gating methods 
results were obtained 
diameter. Better re 


poorest 
large gate of 
sults were obtained 
stricted gating systems. The best wa 
au gate .020" in diameter by 1 16° long 
with a well the restriction 
and the actual entrance to the 


with several re 


between 
cavity. 


Door prizes were donated by Park 
way Plastics, Wheeleo and F. W. Egan 
& Co. 

Our best wishes go to Dick Goldrick 
who is leaving this area for St. Paul. 
Dick has been an active Section mem 
ber for several years. 


WwW. 


MODEL 512A FULLY 
AUTOMATIC 


NO MORE TROUBLE 


* KEEPING HOPPERS FULL! 


Turn the Job Over to the 
Whitlock Automatic Hopper Loader! 


level to hopper, 


Y fill your hoppers by the old 


press 


Operates by compressed ait 


ee flow ny 


fashioned hand method when you 

can have the work done automatically 
level 

at lower cost by equipping your injection 
presses with Whitlock Automatie Hop 
pel Loaders! 
The loader transfers materials auto 
matically from any container at floo: 


WRITE FOR LITERATURE 
C. H. WHITLOCK ASSOCIATES 
21657 COOLIDGE HIGHWAY 
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supply 


terials, including most regrounds. Easily 


handles 


revardless of height of 


or distance of container from 
It keeps materials at a constant 
n the hopper, insuring a uniform 
to the heating evlinder. 


Handles all 


granular or pelletized ma 


up to 10 Ibs. per minute. 


OAK PARK 37, MICH. 


AUTOMATIC 


PPER LOADER 


Fittu 


7 
| 
4 
4 
on 
. 
> 


Baltimore-W ashington 


Charles Stock Discusses Influence of 
Curing Conditions On Plastics’ Fatigue 


William C. Rainer 


The first meeting of 1956 took place 
it the Langley Park Hot Shoppe near 
Washington, D. C. on January 10th. 
I orty-seven members and guests were 
present. Irv Wolock, newly elected 
president, called the meeting to order 
P.M. Frank Reinhart, na 
tional president and national council 


at 
man of the section, reported on na 
tional activities. 

Mr. Charles Stock, Research Divi- 
sion of American Cyanamid Company 
vas the speaker for the evening. His 
Influence of Curing Con- 
ditions on the Fatigue of Reinforced 
Plastics. Mr. Stock stated thet 
polyester resins, reinforced with fiber 


topic Was: 


glass, have been placed in direct com- 
petition with steel in certain areas. He 
reasoned that the glass supplies the 
strength while the resin distributes 
the shock. Mr. Stock also emphasized 
the importance of enhancing resin ad- 
hesion to the glass by the use of a 
size, e.g. vinyl silane. He went on to 
that sizing brings about a 

difference in 
slow or a 


prove 
performance 
after either a fast cure. 
Whereas the size during 
rapid cure was conducive to failure of 
size, however, 
greatly its 


marked 
absence of 
the piece, the use of 
found to 
fatigue resistance. 

In conclusion, president Wolock 
praised the outstanding work of Dan 
Nitzberg and Barney Franklin whose 
efforts were significantly conspicuous 
in the growth of the section over the 
past years, 

Section Election Results: The fol- 
lowing were elected to the board of 
directors: George Flanagan B. F. 


Wis Improve 


Goodrich, and William C. Rainer 
Crown Cork & Seal, Clare Milton 
Eastern Venetian Blind was reelected 
to the board. 

Officers for 1956 season are: 

President, Irvin Wolock, National 
Bureau of Standards; Vice President, 
Clare Milton, Eastern Venetian Blind; 
Secretary, Nancy Rucker, Nixon Ni- 
tration Works; Treasurer, Bernard 
Franklin, Rohm & Haas; National 
Councilman, Frank Reinhart, National 
Bureau of Standards. 


Southern 


Report Given on 


Cellulose Ester 
John W. McCauley 


The February meeting of the 
Southern Section was highlighted by 
a report on cellulose propionate mold- 
ing compounds. Several items of cur- 
rent society held the 
interested attention of the thirty- 
plus members present. 

Dave Jones of the Market Develop 
ment Division of the Plastics Division 
of the Celanese Corporation of Am- 
erica presented his paper on “Forti- 


business also 


cel,” cellulose propionate molding 
compound, which he had _ originally 
read at the 12th Annual National 


Technical Conference of the S.P.E. in 
Cleveland during January 1956. As he 
explained it, cellulose propionate is 
another of the many advances in de- 
livering an unusual balance of pro- 
perties with the cellulosic family of 


thermoplastics. Currently three for- 


mulas of cellulose propionate are com- 
varying in the 


mercially available, 
level of plasticizer with resulting 
variances in impact strength and stiff- 
ness. All three are characterized by a 
considerably lower level plasti- 
cizer than previously available cellu- 
with resulting improvements 
for the trade in odor, fabrication, 
lacquering and cementing techniques 
as well as improved surface gloss. 
“Forticel” is recommended for such 


losics, 


applications as pens and pencils, tele- 
phones, knobs, housings, helmets and 
keys. 

Mr. Jules Lindau, representative of 
the Southern Section to the national 
council of the S.P.E. as well as the 
recently elected vice president of the 
national organization, 
brief review of the business meetings 
in Cleveland. His remarks were dis- 
cussed with considerable animation 
and several recommendations were 
sent via him to the national body. 

Mr. Clarence Ballentine, chairman 
of the Education Committee, reported 
on his recent activities with some sug- 
gestions for contacting universities 
and technical schools in the southern 


presented a 


area, 


Directors Named 

R. R. Zisette has 
director and vice president-genera: 
manager of Jessall Incorp- 
orated, it has been announced by C. 
F. Norberg, president of The Electric 
Storage Battery Company, owner of 
the Kensington, Conn. concern. 

At the same time, Norberg an- 
nounced the election of R. S. Jesion- 
owski, founder of Jessall Plasties, as 
a vice president and director, Other 
new officers of the firm, which makes 
standard and custom extrusions of 
high quality for chemical, aviation 
and other industries, are E. J. Dwyer, 
secretary; E. W. Williams, Treasurer, 
and M. G. Smith, comptroller. 


been elected a 


MOLD DESIGN PRODUCT DESIGN CONSULTATION CUSTOM MOLDING 
° Phone—Fort Wayne, Ind. 554 Eben St. ' 
PRIBBLE PLASTICS PRODUCTS, INC. 
' 
' 
' THINGS THAT SCARE ME!! | they are sympt ; 
jerat Let me give examples a pa permit 
love 
a Te | 
1 tax that badly? 
po t planne The Vice-Pre 1 1 large er nce “We have to ple ase people from 
: their own standpoint. This means that mere fre que ntly than not, we have te help people change some oft ' 
' their present liking to liking what we have found sincerely to be what they ought to like in their own selt ; 
; Yours for Better Living with Plastics, ; 
Wayne I. Pribble 
WAYNE |. PRIBBLE. President 
‘ 


sir 
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Cleveland-Akron 


‘Past Presidents Night’ Becomes 


Tradition: Certificates Presented 
R. M. Hershey 


The February meeting of the Cleve 
land-Akron Section of SPE featured 
“Past Presidents Night” and an ad 
dress on “Modern Ins 
the Plastics Industry” by Mr. Conrad 
Claeson, Director of Education, Wheel 
co Instrument Div. of Barber Col 


mentation for 


man Co, 

“Past t 
celebrated annually by the Section 
the February meeting. At this meeting 


Presidents 


certificates of appreciation for contri 
butions toward the betterment of 
Society of Plastics Engineers will be 
awarded to the outgoing president. | 
is hoped that past presidents will re 
gard the meeting as an annual re 
union, 

The initial “Past Presidents Night” 
featured the awarding of certif 
to nine past presidents by H. D. Oli 
ver, ares President of the Section. Ren 
Morse one of the founders of the See 
tion and 1943 President was unable to 
be present but sent a very interesting 
letter on the history of the Section and 
the National Society. Howard Nichol, 
1945 President also was absent. The 
following seven Past Presidents wer 
present at the meeting: Dick Huber, 
1949; Ward VanOrman, 1950; Wayn 
Anderson, 1951; Frank Martin, 1952 
Dave Sloane, 1953; Ernest Moslo, 
1954; and Sherman Crawford, 1955. 
Hamil 
ton wrist watch engraved “Frank 
Martin—Chairman 1956 SPE Confer 
ence” was made to Frank Martin, by 
Herb Oliver in recognition of his con 
tributions towards the success of the 


A surprise presentation of a 


Conference, 

In his talk, Mr. 
the various types of control instru 
ments used for the temperature con 
trol of extruders and injection mold 
Wiring 


Claeson described 


ing machines. Slides showing 
diagrams for the various types of in 
struments were shown. 

It was stated that the proportion 
ating type pyrometer is replacing the 
on-off type instrument for 
temperature control problems, In the 
proportionating type of control the a 
mount of heat input is determined by 
the position of the indicating pointer 
Below the 


plastics 


in the proportionating band, 
proportionating band full heat input 
is applied. The width of the propor 
tionating band is usually expressed as 
a percentage of the total seale read 
ing. The desirable width is chosen as 
a compromise between on-off perform 
ance if the width is too small and ex 
cessive offset if the width is too w de, 
Two methods of overcoming the off 
set or droop characteristic of propor 
were described. 


tionating controllers 


Offset is regarded as the lag o 
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dicaton pointer below the control pornt 
and may De compensated for by 
tting the control point higher than 
the desired temperature or by relocat 
ng the proportionating band with re 
spect to heat Input at the control 
point. The normal location of the pro 
portionating band calls for fifty per 
cent of heat input at the control point 
n order to maintain constant operat 
ng temperatures, 

At the beginning of the year, three 
new of the Section were 
elected DN the members. They are 
Douglas G, Eaton, Reed Prentice Cor 
poration; Donald H. Lewis, Packard 
Kleetrie Div., G.M.C.; and William E. 
Manring, B. F. Goodrich Chemical Co. 
ernest P. Moslo, Moslo Machinery 
Co., was re-elected National Direetor 
In addition to the above our complete 
Board of Directors now includes H, D, 
Oliver, Eastman Chemical Pro 
ducts; G. H, Shirley, Colonial Plastics 
Mfg. Co.; W. F. Anderson, Anderson 
M. Keller, Keller Products, 


and Co.; K, 
Inc.) AL Campi, International 


Molded Plasties, Ine.; and R, M. Her 
shey, Hoover Co, 

The following officers were elected 
for 1956: H. Oliver, President; 
A. BE. Campi, Vice-President; G., 
Keaton, Secretary; and Kk. M. Keller, 
Treasurer. 

Our President 
lowing as Committee Chairmen: Pro 
fessional Activities, Ernest P. Moslo, 
Moslo Machinery Co.; Membership, 
Carl W. Virgin, Spencer Chemical Co.; 
Credentials, Jack R. Peetal, Eastman 
Chemical Products, In Program, J 
R. Forsyth, Crucible Steel Company 
of America; House, Edward J. Has 
kins, Zenith Plastics Company; House, 
Bernard J. Wutf, Injeetion Molders 
Supply; Educational, Granville H 
Shirley, Colonial Plastics Mfg. Co.; 
and Journal Reporter, Robert M, Het 
shey, Hoover Company 


announced the fol 


Spray Painting 
\ new brochure on an automatic 
rotary) gun spray) painting machine 
and an automatic rotary wiping ma 
available to anyone ad 
request to Conform 


chine is now 
dressing their 
ing Matrix Corporation, 379 Factories 
Building, Toledo 2, Ohio. It) ineludes 
illustrations and complete  deserip 
tion of the model RM 26 rotary gun 
machine and the model DW 24 RT 
rotary wiper, 


THE INJECTION INDUSTRY’S LEADING 


LOW COST SCRAP AND SPRUE GRINDER 


The Molder-Designed Cams] 


MODEL M-3 


@ Big x7” Throat 
@ 1 HP Motor, Starter 
@ Catch Pan 

@ Breaker Bar 

@ Casters 


Ready to Go 
Price — Only. . . $548.50 
Order One Now! 


Immediate Shipment 
Write today for new 1956 IMS Grinder 
Catalog of Molder - Designed Stock 
already setting 
new records for lower cost scrap 


Model Granulators, 


salvage. 


INJECTION MOLDERS SUPPLY CO. 


3514 LEE ROAD WYoming |-1424 CLEVELAND 20, OHIO 
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Polyurethane Plastics Properties 


And Uses Are Reviewed 


Lloyd E. Parks 


Mer. Riehard B, Burek of the Mobay 
(Chemical Company, Research Depart 


ment, pre ented a detailed study of 


polyurethanes. The chemistry of the 

compounds and the most up to date 

information on processing and use 

Were given, 

Synopsis of Lecture on Polyurethane 
Introduction 

Ison vanate chemistry oes back ove) 
100) yeu When the preparation of 
imple isocyanates and some of their 
reactions were reported, but the com 
mercial importance of these versatile 
materials did not begin to appear until 
the period of 1934 to 1937, 

We in the United States did not 
put forth a real effort in this field 
until after World War Il when news 
contained in PB reports indicated ex 
tensive German developments in ure 
thane coatings, foams, adhesives and 
fibers, but it has only been in the 
recent past that the promise of large 
cale production has promoted large 
commercial utilization. Farbenfab 
riken Bayer of Leverkusen, Germany, 
is been very active in this field for 
over JO years; as the result of Farben 
fabriken Bayer’s work, Germany has 
had urethane coatings and urethane 
foum on the market over five years. 
Mobay Chemical Company was formed 
it little less than two years ago by 
Monsanto Chemical Co. and Bayer to 
make available to American industry 
the know-how and techniques de 
veloped in the use of iso yanates both 
in Kurope and the United States, 

The different isocyanates now com 
merelally available include: 

1) Toluene diisocyanate a water 
thin, straw colored liquid. It is most 
generally used in making urethane 
foams and is also used in adhesives 
and coatings formulations, 

2) Diphenyl methane diisocyanate, 
ivailable solid form and also in 
olution and used in adhesion appli 
cations; usually in a rubber to fabric 
bond 

3) Triphenyl methane triisocyanate, 
normally used as a 20°; solids ma 
terial as an adhesive for bonding rub 
ber to metal, 

The isocyanates with the greatest 
nterest for coatings work are Mondut 
(, Mondur CA and Mondur S. These 
ire partially reacted isocyanates or 
adducts, and are mixed with select 
polyesters to formulate one or two 
part coating formulations. 

By the proper selection of isecyva 
nates and polyesters and by controll 
ing pertinent factors, reactions can be 
used to lengthen the polyester chain 


and cross-link the molecules to give 
you a foam or a rubber-like product, 
or a tough elastic film with excep 
tional chemical, solvent head and 
abrasion resistance. 

Foams 

Urethane foam is probably one of 
the most spectacular of the various 
products made possible by isocyanate 
chemistry. The ability to control the 
hardness and the flexibility of this 
product makes it unique and makes 
possible its use by many different in 
dustries. Foam can be made in large 
blocks which can then be cut or sliced 
into any size or shape, or foam can 
be molded in place to any given size or 
shape and thus become an_ integral 
part of a given structure, It can be 
made rigid or flexible; its density can 
be varied from 1 pound per cubic foot 
to 30 pounds per cubic foot and its 
cell size can be controlled and varied 
to suit the requirements of most any 
end-use, 

The flame resistant characteristics 
make this foam ideal for use in 
public auditoriums, hotels, buses, 
trains, and other places where fire 
can be a hazard; that same property 
plus its light weight makes it ideal 
for the aircraft industry. 

Whereas the flexible foams are pre- 
dominantly open cell in structure, the 
rigid foams are closed cell and are 
available in density varying from 2 to 
30 pounds per cubie foot. This type 
product has already been used by the 
aircraft industry as a_ reinforcing 
filler for cavities in wing tabs, ele 
vators, ailerons, radomes, and for in 
sulating cabins, It is being evaluated 
by the railroad industry for reinfore- 
ing and insulating lightweight cars 
and it has already passed the research 
stage for use in the construction of 
non-sinkable boats and pontoons. 

The dielectric, chemical resistance, 
thermal resistance and insulation pro 
perties are good which opens still new 
and bigger fields for the use of rigid 
foams. 

Coatings 

Even though urethane coatings are 
new to the United States, we are ex 
tremely fortunate in having three or 
four years of field application experi 
ence in Germany to give us the neces 
sary background data required to dis 
cuss urethane coatings as proven pro 
ducts. Mobay has had development, 
sales and research personnel inspect 
the many applications and discuss 
both the favorable and unsatisfactory 
properties of these coatings with 
people who have applied them and ob 


served their performance. 

The one quality which we had not 
previously appreciated but which use 
in a steel mill has brought out very 
forceably is the excellent heat resist- 


ance possessed by urethane coatings. 

In several other instances chemical 
plants have been coated and here the 
isocyanates are subjected to severe 
heat and chemical vapor exposure. 
In a rubber accelerator plant, a ure 
thane coating is exposed to the hot 
fumes of hydrogen sulfide, amines and 
strong hydrochloric acid without 
noticeable deterioration. 

Unpigmented clear coatings show 
no indication of chalking, but 45° roof 
tests indicate a loss of gloss in color 
coats. 

In spite of this our people have seen 
equipment in the field that has been 
in service for 2 to 5 years and they 
have observed only slight loss of gloss 
in pigmented coatings, 

A second problem is that most of 
the isocyanate coatings prepared to 
date show slight yellowing on expo- 
sure to sunlight. As yet, we have 
found no stabilizers which will correct 
this. In the colors used for industrial 
equipment, this yellowing is not 
noticeable. 

Moisture resistance and abrasion re 
sistance have both been proven excel 
lent and add to the advantageous pro- 
perties of these coatings, 

One of the best examples of corro- 
sion resistance has been the use of 
these coatings in the holds of ocean- 
going tankers which carry sour crude 
from the Persian Gulf into Europe and 
salt water balast on the return 
voyage. 

We can also report having seen 
them in slaughter houses, dairies and 
breweries where the ease of cleaning 
and sanitation are important. In 
Kurope the coatings are used to line 
tanks for the storage of potable 
water; also tanks for storage of edible 
liquids such as wine, fruit juices and 
fruit syrups. 

In discussing coatings, one of the 
first commercial applications in this 
country is the use of urethane coat- 
ings on magnet wire. The physical 
properties of the coating plus the ex 
cellent dielectric properties and mois 
ture resistance make the urethanes 
ideal for use on wire, The one prin 
cipal advantage which makes its use 
most outstanding is the property of 
solderability; with the urethanes no 
enamel stripping is necessary prior 
to soldering and it results in’ sav 
ings of both time and money when 
magnet wire of this type is used in the 
television, radio and the ever-growing 
electronics industry. 

Vuleollan 

One use of the isocyanates which 
has had a great deal of publicity is 
urethane rubber; the Germans eall it 
Vuleollan. 

Vulcollan is used to make such pro 
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ducts as gears, bearings, shoe heels, 


handles for a jack hammer, timing 
gear for a motor cycle ’ and the like in 
Germany. There are others such as 
hydraulic accumulators, bellows, vat 

ous types of contact drive wheels and 
many more, It is the combination of 
excellent abrasion, tear and wear re 
sistance plus flexibility and oil re 
sistance, which makes Vuleollan so 
suitable for these uses, 


Multrathane 


One of the urethanes which you 
as plastic engineers will have the 
greatest interest in, are what we have 
trade-named Multrathane 
Farbenfabriken Bayer in 
markets as Durethane. 
linear materials of high 
weight built up from dialeohols and 
diisocyanates possessing the follow 


r what 
Germany 
These are 
molecular 


ing characteristics: high mechanical 
strength, a high degree of resistance 
to solvents and oils, low water ab 
sorption, good dimensional stability, 
rood electrical properties. 

The Multrathanes are 
processed by injection molding and 
extruding and they may also be 


generally 


molded by compression, 

The special properties of the Mutra 
thane materials would them 
suitable for such potential uses as: 

1) In molding of bearings, fittings, 
bushings, handles, caps, gears and 
various structural components for 
variety of home appliances. 

2) Wire coverings for cables, wire 


make 


rope, ete. 

3) Blown foils for packaging, tapes 
for cable wrappings, linings, ete 

4) Bottles and hollow ware. 

All of these various type products 
have actually been made and used in 
Kurope, We ourselves have done very 
little to develop markets for the Mul 
trathanes in this country as we are 
not sure just how they will compare 
in properties with other materials now 
commercially available. 

Adhesives 

Isocyanate adhesives have a longer 
history of use in this country than any 
other end use of isocyanate products; 
the need for a good adhesive to bond 
nylon tire cord to natural and syn 
thetic rubber prompted their develop 
ment, 

We have now available as the result 
of German research, new urethane ad 
hesives which will increase their use 
fulness. We call them “Multranils”; 
one adhesive is especially suited for 
flock printing and makes possible 
product which is resistant to dry 
cleaning, washing, hand rubbing and 
is vet soft and very flexible. Not only 
ean fabries be flocked but here is an 
example of a urethane foam bath 
mat flocked with a blue fabric. The 
second Multranil adhesive appears to 
be most suitable for bonding leathe 
and rubber to themselves to each other 
and most non metallic products to 
themselves and each other. 
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Pioneer Valley 


Ehlers Explains 


Lowell Program 
John T. Moore 


On January 26th, this section met 
at the Wachusett Country Club, West 
Boylston, Massachusetts for its initial 
under its 
Pioneer Valley 
Ninety-one members and guests en 
joyed the specialty of the house, about 
fifteen cubic inches of fine roast beet 


approved 
Section, 


meeting newly 


name, The 


with seconds for those who could 
hold it. 

Mr, F. R. Schreiter, President, in 
troduced his fellow officers, directors 
and committee-men, comprising thi 
first regularly elected leaders of this 
new section. Mr. Albert) Melntyre, 
Section National Director, reported on 
the Directors Meeting held in Cleve 
land earlier in January. He also pre 
sented to Mr. Schreiter the Section 
Charter, which we shall duly frame. 

Mr. Richard Bishop, Section Vice 
President, introduced the speaker for 
the evening, Dr. Russell Ehlers, head 
of the Department of Plastics Chemis 
try, Lowell Technological Institute, 
Lowell, Massachusetts. The subject ol 
Dr. Ehlers’ talk was “The Problems 
Of Establishing A Plastics Engineer 
ing Course.” 


tive Society of the | 
Ine. has lone advocated est me? 
plastle engineer! rst by the 
countrv’s sehoo!l Dr. 
told u that lo know th 


course offered by Lowell Technological 


Institute is the first established int: 
grated curriculum Plastic king 
neering culminating in a B.S. 
Acceptance of the Wal 
mediate as evidenced py it high place 
imong first and second preferenes 
engineering courses elected by incon 
ng students 


The planning of the curriceulun 


the has Deen Very thorough 
Taking all factors into consideration, 
t was decided to emphasize the study 
of engineering principal pplied t 
fabricating plast Cs mate | rathes 
than concentrating on the chemistry 
and theory of high polyme ised it 
the manufacture of the mater 
themselves Ihe cence nel 
engineering course form the founda 


tion of the plastics curriculum. Appl 
cations and illustration directed to 
ward the field of plastie 
added to these subject with due core 


not to jeopardize the important rol 


played by other basic tructural 
materials, 

In the first two years, the student 
has little choice the election of 


courses, However, in the Junior yer, 
(Please turn the page) 


tepless temperature Control 


Requirements. 


% Closest Control 

% Save power 

% Prolong Heater Life 
% Adjustable Band 
Without tubes or relays, this unique 
instrument modulates input to suit de- 


mand. Proved in wide use. Write for 
Bulletin JS 


4359-B W. Montrose Ave. 
Chicago 41, Illinois 


TUBELESS, MULTI-LOAD 


Improved Model JS Series GARDSMAN 
Stepless Controllers by WEST. One 
Instrument Handles a Range of Wattage 


% Manual Reset 


*% Simplest Operation — 
One Knob 


% Least Maintenance 


WEST 
a CORP ATION 
SALES OFFICES IN PRINCIPAL € 
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would required 
the field of fundamental rese 

Dr. Ehlers listed the equipment on 
for th 


blenders, com 


production, 
irch. 
and being procured 


It 


pounding mills, 


hand 

course, includes 
preformers, 
sion and pre 
vacuum metallizing equipment, calen 
testing equip 


compre 
extruder, 


se 


Injection 


ce und miscellaneous 


ment, He mentioned the problems in 


procuring a teaching staff and accum 
ulating reference library material. 
Lacal plastic fabricators have already 


been in contact with Lowell Techno 
logical relative to summer employ 
ment of students. Dr. Ehlers stressed 


the importance of this to the students 
and encouraged more action of this 
type by industry. 

After a period of questions and an- 
swers, the proposal was made by Mr. 
John LaBelle that our Section provide 
Lowell Technological Institute with 
twenty copies each of the book of re- 


prints of the technical papers pre 
sented at the 1955 and 1956 National 
S.P.E. Conferences. This was unani 


mously adopted and a fund of $90.00 
was raised for the purpose. It is hoped 
that National Headquarters will co- 


operate in making these available. 


Balfor Industries 

Balfor Industries, Ine. announces 
that it is full production in 
all phases of Teflon processing, 

Balfor Industries, Ine. a newly 
organized company with offices and 
plant at 1815 Webster Avenue, Bronx 
57, New York, is specializing in the 


now in 


manufacture of Teflon products, Ex 
ecutives of the new company are: Mr. 
Donald Ballot, President; Mr. 


William J. Fordon, 
urer; and Mr. Robert 


Secretary-Treas- 
B. Sweet, Sales. 


Toledo 

Speaker Tells of 
Higher Efficiency 
With Machines 


C. A. Richie 


Thirty-seven members of the Toledo 
Section of the Society of Plastics 
Engineers met on Wednesday evening 
February 15th at Harrison’s Ranch 
House Restaurant for a dinner meet- 
ing. Our section welcomed the oppor- 
tunity of hearing Mr. Quenton M. 
White of F. J. Stokes speak on “Auto- 
matic Molding.” 

Mr. White was very convincing by 
showing actual production figures 
with 10-20 higher efficiency on a 
24 hour basis when using their auto- 
matic equipment even at slower cycles 
than with a semi-automatic press with 
operators. The fact that the stripping 
comb worked independently by use of 
hydraulic ejectors impressed several 
of our local injection molders. The tre- 
mendous potential accompanied by im 
proved operating efficiency with ulti- 
mate savings to all concerned assures 
the future of automatic molding. 


Calculation of Roll Forces . . 


(Continued from page 40) 


ILLUSTRATION OF ROLLING PROCESS ANDO 
COORDINATE SYSTEM 
FIGURE 5 


where x 


basis of (6) and (9), x, 


giving 


T(sub s) 


tT(subs) 


which the 
pond to that 


factor 


yrives 
metric 


dimensionless 


which, similar 


represents 


from 


to 
measurements, is the basis for evaluating the shear-time 


adjustment factor from Figure 2. 


tT (subs) 2x:/V (18) 


distance from hy to h. On the 


may be put in terms of r and h,, 


the 


Combining (17) with (19), one has 


number 


2(r h./3) V V) (r he) (19) 
S) (rh) (2.31/S) (r/h) (20) 
value of relative shear time to corres- 
given by Equation (4). Separating the geo- 
the shear rate in (20) one has the 

2.01 (r/R) (21) 

the number 4L R used in extrusion 
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Plastics Around the World 


(Continued from page 50) 


REINFORCEMENT OF PRE- 
STRESSED CONCRETE WITH 
FIBRE GLASS TENSION MEMBERS 
—W. Mack 

Reprint of address held at 11th An 
nual Technical Conference of SPE. 


COMPRESSION OR TRANSFER 
MOLDING—H. Draeger and W. 
Woebcken 

Advantages and disadvantages of 
both processing techniques are juxta 
posed resulting in the conclusion that 
small to medium size parts of com 


plicated shapes or thick walls and re 


quired in large quantities are best 
transfer molded while compression 
molding remains preferable for large 
size, thin walled, flat or box-type 


parts. 
DESIGN OF INJECTION MOLDS 
Hans Gastrow 

Description of design features of in- 
jection molds with exterior undercuts 
in moldings and automatic tang break 
off device, 


GREAT BRITAIN 
PLASTICS 
December, 1955 


Abstracter: Alfred T. Rexter 
AUTOMATIC DIP-MOLDING 
The construction and operation of ; 
large automatic p.v.c. dip-molding 
plant is described with several illus 
trations, 


PLASTICS AID RESIDUAL PRO- 


DUCTS CONVERSION — Thomas A. 


Dickinson 

Waste products, such as leather dust 
and wood flour, are being put to good 
use with the aid of certain plastics. 
Three types of organic resins are gen 
erally used: phenolic and urea thermo 
sets; synthetic elastomeric thermo 
plasts; and natural elastomers. A 
wood reclamation method, an electro 
static coating process, and a solvent 
dispersion method are described. 


DRYING AND HEATING BY HIGH- 
VELOCITY AIR 

Machinery has been developed which 
is now being used extensively for the 
fusing of p.v.c. and fabric. A descrip 
tion of the work done by the Spoone: 
Dryer and Engineering Co., Ltd 


THE PROPERTIES AND TESTING 
OF PLASTICS MATERIALS 
(CONT.)—A, E. Lever 

This article is in two sections, one 
covers the testing methods and results 
for viscosity, plasticity, and flow; the 
other covers resilience, stiffness, and 
damping. 
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Have You considered NYLON 


for Mechanical Parts ? 


The above illustration shows only a few of the many 
parts being injection molded of Nylon. 


The advantages of producing these parts in Nylon are— 


e Lower Cost e Will Outwear Brass or Steel 
e Needs No Lubrication e Non-corrosive 


e Lighter in Weight 


Write for further information 


STANDARD TOOL CO. 


214 HAMILTON ST., LEOMINSTER, MASS. 

nce \ Pel) 

OMNI PRODUCTS CORP., Export Distributors, New York, N.Y 


Australian Plant, Standard Tool Co. (of Australia), PTY. Ltd. Sydney 
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k reviews 


HANDBOOK OF TOXICOLOGY, Volume |. Acute toxi- 
cities of solids, liquids and gases to laboratory animals. 
Edited by William S. Spector. W. B. Saunders Company, 
Philadelphia and London, 1956, 106 pages, paper. $7.50. 

This work was prepared under the Direction of the 
Committee of the Handbook of Biological data: Division 
of Biology and Agriculture, National Academy of Sciences 
ind National Research Council by 30 contributors. The first 
table, containing 315 pages, gives the lethal doses of 
2,120 solid and liquid compounds. In some cases, figures 
are given for only one species of animals, in some others, 
for everal species including frogs, toads, mice, rats, 
guinea pigs, rabbits, pigeons, chickens, dogs, cats and 
hee }). 

The table gives the nature of the animal, the kind 
of dose administered, the concentration in mg/liter and 


ppm, the exposure time, time of death and author ref 
erences, Table IL gives the lethal concentration of gases, 
ipors and fume n respired air. It contains 243 com- 


pounds, including fumes of chemicals widely used by the 
plastr industry. 
Plastics engineers and chemists will find here val- 
uable toxicological data on plasties, plasticizers, solvents 
ind other chemicals of interest to them. 

Louis C. Barail 


Electric Insulation and Dielectric 1955, an Electrical 
Manufacturing Design Manual 

\ reprint of the outstanding papers presented in 
Mlectrical Manufacturing during the year 1955 with edi- 
torial comments by the publishers is presented in a single 
volume 

The work book reviews progressive work with the 


more recently developed materials by classes with em- 


phasis on design and use, Actual case applications are 
reviewed and test data is generously presented. Theo 
retical considerations are dealt with sparingly. Research 
problems are wisely left to the scientists. This is a work 
to be valued by the application engineer. 


J.C. Stansel 


Handbook of Textile Fibers 
Edited by Milton Harris; Published 1954 by Harris Re- 
search Laboratories CWashington, D. C.); 356 Pages, 
Price 812.50. 
The “Handbook of Textile Fibers” was prepared, 
the Editor states, “ not only for research workers, but 
o for all those who have interests in the textile or re 
ted industries.” It may be noted that the “Handbook” is 
uniquely a contribution of Harris Research Laboratories, 
nee not only the Editor but six of his eight editorial 
tunts represent that organization. 
The “Handbook of Textile Fibers” deals with both 


fibers, whether organic, inorganic 


natural nal 
(like gla and asbestos) or intermediate in nature (like 


“Teflon’). It presents a staggering mass of data compiled 


in an orderly and easy-to-assimilate form, usually as 
either tables or graphs. No less than 450 tables and 100 
graphs, diagrams and figures are included in the 356 
pages. 

The book contains twelve chapters: Textile Terms 
and Definitions (31 pages), Fiber Types and Sources (16 
pages), Constitution and Structure of Textile Fibers (45 
pages), Chart of Fiber Properties (7 pages), Physical 
Properties of Textile Fibers (73 pages), Chemical Prop- 
erties of Textile Fibers (13 pages), Effect of Biological 
Agents (5 pages), Identification of Textile Fibers (15 
pages), Yarn Numbering and Count Systems (12 pages), 
Chemical and Engineering Tables (12 pages), Economic 
and Production Data (27) pages), and List of Textile 
Periodicals (2 pages), plus an Index (17 pages covering 
approximately 2700 items). Noteworthy features among 
these chapters are the approximately 1800 definitions of 
textile terms and the clear and concise treatment of the 
constitution and structure of fibers, including the 130 
microphotographs and X-ray diffraction diagrams of 
various fibers. 

The entire publication gives evidence of careful con- 
sideration for the convenience of the reader, being well 
organized and indexed. The omission of a section on tex- 
tile and fiber testing methods and apparatus would ap- 
pear to provide the only basis for even mild criticism of 
this book. 

Jecause the fields of textiles and plastics ordinarily 
are widely separated and distinet, it is not likely that 
many S.P.E. members will find themselves in a position 
to utilize this useful book to the fullest extent, but those 
whose interests extend into the textile field, whether as 
technical or non-technical workers, will find the “Hand- 
book of Textile Fibers” a storehouse of information. 

D. E. Cordier 
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American Cyanamid Co. 1] 
Bakelite Div., Union Carbide & Carbon Corp. 9 
Jarrett Div., Allied Chemical & Dye Corp. 6,7 
The Borden Co., Chemieal Div. 1: 
Detroit Mold Engineering Co. 10 


Kk. I. duPont deNemours, Pigments Div. 


Frank W. Egan & Co. 16 
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Hercules Powder Co. 
Improved Machinery, Ine. 8 
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SPEaking ... 


(Continued from paywe 49) 


the lands, where the greatest abra 
sion occurs. Normally, flight lands ar 
either flame hardened or stellited. 
Such details as flight depth, helix 
ingle, land width, screw clearance, and 
length should all be considered as the \ 
affect both quality and output. 

It is usually desirable to core th 
screw either partially or fully in orde) 
to permit the circulation of water ot 
other cooling medium through the 
center of the screw. Through the pro 
per manipulation of the — cooling 
medium, it is possible to vary the 
general characteristics of the screw. 
THERMODYNAMIC 


The two conventional methods of 


providing thermal transfer ex 
truders are circulating fluids and ele 
tric. Either system performs. satis 


factorily but in selecting the type, 
consideration should be given to the 
expected use. | 
The following presents items to be 
considered and a brief deseription ot 
each, 
1. The expected maximum tempet 
ature should be determined by 
familiarity with the processes in 
volved. 
2. In the oil heated extruder, the 


oil is electrically heated and 
pumped continuously through the 
channels of the cylinder. The im 
portant factor to consider on ar 
oil or other liquid) heat ex 
changer is the piping and pump 
system. Leaks which occur du 
ing operation tend to be of con 
cern for cleanliness and main 
tenance problems, The  uppet 
temperature is limited but non 
mally closer temperature control 
is obtainable. 
Electric heat is more commor 
and the recent variations in de 
signs of electrical he ited extru 
sion machines bear out the em 
phasis of good control on ther 
mal transfer. 

Points to be considered are 

a. Type and design of heater, 
whether band or strip heater, 
east in aluminum. 

b. Type of insulated shield, 

¢. Total kilowatt load. 

d. Kilowatts per section, 

e. Location of thermocoupt 
tvpe (ion-constantan), 

f. Accessibility of heaters for per 
odie inspection, repairs or 
placement, 

g¢. Number of heating zones 

h. Instrumentation. 

i. Power requirement (voltage 
phase, eVve le, current). 

In conelusion, making a thoroug! 
evaluation of extrusion equipment 
nddition to assisting one in obtamming 
the best equipment has a secondary 
effect of making one more familia 
with many aspects of the process. 
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So quick, so easy... 


It works like magic because years of development 

are behind Drycol...this easy one-shot unit packaged 
coloring method that works perfectly—every time 

—in your own plant, is a combination of formulated 
pigments that gives good results. 

You get a top-quality coloring job too! Pigments 

are the same time-tested ones used in compounded thermo- 
plastics you buy already colored—they’re 

light-stable, heat-resistant, dust-free ...carefully 
color-matched, unit packaged by Gering to save worries for 
you. There's no weighing, no messing--Gering 

Drycol works perfectly every time. 


Drycol helps you produce special colored orders in 

a hurry, cuts your inventory on colored plastics...and 
saves you money in the bargain! Immediate 

shipment on all standard colors. 


Blend-Eze, Gering’s specially developed wetting 
agent, can be supplied with DR YCOL to give superior 
color dispersion and eliminate dusting. 


Drycol is also available 
in special tinsel, metallic, and 
pearl effects. It would 
pay you to check with our 
technical service 
department. 


the one-shot plastic coloring 


Pioneers in modern plastics for over 30 years? 


‘ 
Sirty three 


smacmenity pany. Expanding molding operations. Real opportunity. 


full det iils Box 1356 SPE 


Salary open, Write yiving allis. 
CLASSIFIED ADS JOURNAL, 34 E. Putnam Ave., Greenwich, Conn. 


Opportunity in Plastics Extrusion 


Production and Development 
Long established company in Eastern Massachusetts, 


Extrusion 
Midwest AAA I Rating. Compounding and 
custom o atio equire experienced m: for die design. : 
enced man for die de diversifying in plastics, needs young competent extrustiol 


Development and sampling. Give full resume of experi- : 
everopme engineer to assume responsibility for preduction and 


ence, education references and salary requirements in first 


development. Experience in the extrusion of vari 
letter, Replies held confidential, Box #1256 SPE Journal, : 
ous plasties required and knowledge of raw materials 
Kast Putnam Ave., Greenwich, Conn. 
essential. This is an excellent opportunity for future 
Chemist Wanted xrowth, 

Company in) California, specializing in’ Polyester Please address letter with full details of training, 
Molding Compounds, with many years of successful op- experience, and salary expected to: Box 956, SPE JOUR- 
erations, has opening for man with degree and experience. NAL, 34 East Putnam Avenue, Greenwich, Connecticut. 


Will have to work on new formulations, testing and 


quality control. Complete resume and salary requirements 


Mold Designer— 
Expanding Mold making shop in Philadelphia, Pa. 


area making small and medium size injection, compression 


should) accompany first letter. Replies will be held in 
‘onfidence. Reply Box No. 1156, SPE Journal, 34 East 


and Transfer molds. Has need of experienced man, Should 


Plastic Sales Engineer have shop training and knowledge of molding. Excellent 
We are seeking a well qualified man experienced in future for responsibility and supervision. Will consider 
plastics extrusion for attractive Market Development man with limited experience for training, Give full details, 
position. Kindly give your education, experience, and ex- salary, experience, training, ete, Box No, 856, SPE JOUR 
pected salary in complete resume, All replies will receive NAL, 34 FE. Putnam Ave., Greenwich, Conn, 
£ ese careful attention and will be held confidential. Write: 
Personnel Department, Chemical Division, Koppers 
=f Company, Pittsburgh 19, Pa. Plastics Engineer 
a | Young man between 25 and 35 years for research and 
i Wanted—Plant Manaqer development work, some traveling. Please give education, 
se With experience in) Matehed-Metal reinforced plastic experience, salary desired. Reply Box 656, SPE JOUR- 
molding and Premix molding, Well established Ohio com NAL, East Putnam Avenue, Greenwich, Connecticut. 


Several positions in plastics and small metal parts manufactur- 
ing are open with a well-established manufacturer located in 
southern New England. The firm is now beginning a major 
expansion program providing outstanding job opportunities 


. for qualified manufacturing engineers, quality control engineers 
( S all Ing and foremen. 


1) QUALITY CONTROL SUPERVISOR for plastics opera- 


—— tions. Must have previous experience in manufacturing and 
() 0 al l] rT tl p S quality control or have engineering background. 
2) GENERAL FOREMEN for plastics finishing department. 


Some previous experience in supervision required. 


- ~ 3) FOREMEN for compression, plunger and injection molding 

qh as ICS departments in plastics manufacturing. 

4) Manufacturing Engineers for plastics and small metal parts 
manufacturing. Engineering degree or equivalent experi- 


One of these positions could mean new opportunities for you. 


Send us a resume of your education and experience. All 
material will be held in confidence. 


Box 1056, SPE Journal, 34 E. Putnam Ave. 


Greenwich, Conn. 
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New plant, new product. new high standard 
of quality . . . thats the quick story of 
National NADONE. Users everywhere tell 
us that it makes exceptionally light-colored 


resins of very high quality. 


If vou now use or may use evelohexanone as 


a solvent or reactive intermediate. we would 


NATIONAL ANILINE DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


Boston Providence Charlotte Chicago San Francisco Atlanta 
Portland, Ore. Greensboro Philadelphia Richmond Cleveland 
Los Angeles Columbus, Ga. New Orleans Chattanooga Toronto 


*Trade Mark 


like you to reeeive a working sample of 
NADONE so that you ean find out for your- 


self how fine it really is. 


We ll also be elad to send you our 24-page 
Bulletin 1-19. now being printed, giving 
properties, reactions and a very inelusive 


bibliography. Use the handy coupon below. 


NAME 


POSITION 


COMPANY 


ADDRESS 


Please send copy of Technical Bulletin 1-19 


a 
H,C CH, 
| 
\ a new source—a new name for cyclohexanone 
\ 
available now from basic production | 
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hi-lites 


Hercules plastics. Our Hi-fax plant is underway! Construction has 
begun in Parlin, New Jersey on the new plant which will produce 


Hi-fax, a versatile new ethylene polymer made by the Hercules process. 


facts about hi-fax 


Hi-fax is the name of a new ethylene polymer to be made by the Hercules 
process. Hi-fax provides a completely new plastic with an unusual combination 
of properties unmatched by any material previously available. 


Hi-fax is truly heat resistant! Can be immersed in boiling water 
without distortion. Insoluble in water or organic solvents below 100°C. 


Hi-fax is rigid and strong! Hi-fax has four to five times the rigidity 
of regular polyethylene. It has double the strength. 


Hi-fax has exceptional low temperature toughness! Retains 
its impact strength at extremely low temperatures. 


Hi-fax has superior resistance to chemicals, solvents and greases! 
The fluid permeability of Hi-fax is only 's that of conventional polyethylene. 


Hi-fax is richly colorful with an attractive lustrous finish! 


Hi-fax is easy to fabricate! Can be molded by compression, extrusion 
and injection techniques and machined by conventional methods. 


If you make or design toys, housewares, industrial moldings, sheet and 
film, pipe, bottles, or electrical insulation, Hi-fax offers a better 

plastic for the specific requirements you must meet. That’s why we 
consider Hi-fax the plastic for tomorrow 
for tomorrow’s superior products. 


*Hercules trademark 


HI-LITE ON hercocel 


In design, production, and sales, versatile Hercocel continues 
its job of keeping new products on the move. Long-wearing and 
durable, economical and easy-to-moid, Hercocel—Hercules® cellulose ace- 
tate—is the perfect plastic for many products. The Dormeyer “‘Edge-Well”’ 
Sharpener, for example, is molded with Hercocel and is guaranteed by the 
manufacturer for one year against defects in material or workmanship. The 
Hercocel housing for the ‘‘Edge-Well"’ is molded by Plastic Precision Parts 
Co., 2535 West Madison St., Chicago, Ill. It is a product of the Dormeyer 
Corporation, Kingsbury and Huron Sts., Chicago 10, lil. 
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Cellulose Products Dept. 


HERCULES POWDER COMPANY crse.2 


COBPORaATED 


930 King Street, Wilmington 99, Del. 
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